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Over 200 MVA in one shipment 
for Rhodesia 
y ’ : 
‘ a 
4 





* Fully tested, including full load heat run and impulse tests 
at 1055 kV and 1550 kV respectively 


The transformers ‘shown above comprise the third of six 60 MVA, 220 kV transmission transformers 
and two of ten 80 MVA, 330 kV generator transformers. 


ENGLISH ELECTRIC’ 


transformers 



























The generators at the 

Calder Hall Power - station 

of the Atomic Energy Authority 
are controlled by 

Reyrolle 11-kV 500-MVA and 
750-MVA switchboards 

and their associated 


control - boards 


me 


A MEMBER COMPANY OF THE NUCLEAR POWER PLANT CO. LTD. 


A. REYROLLE & COMPANY LIMITED, HEBBURN, COUNTY DURHAM, ENGLAND 





generator 
switchgear at 


Calder Hall 


< ae*e RRS 
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Reyrolle equipment is 
also installed at: 
Capenhurst 

Springfields and 
Windscale 
and is being supplied for 
Chapelcross and 


Dounreay 





Reyrolile 
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Equipment for Hydro-Electric Power Stations 


Valve chamber with rotary slide sphériques CComplete barrage installations ; gates 
valves as turbine shut-off 


and hoisting equipment, gantry- and 
device in a swiss power station 8 q P 8 y 


overhead travelling cranes, trash screen 

cleaning machinery; sluice gates; control 

valves for high pressure conduits; auto- 

matic safety organs for pipe lines; dis- 

D FE RO LL charge regulating valves, rotary valves 

‘ with rotary-piston servomotors, needle 

valves, butterfly valves, high pressure 

fittings, piping systems for oil and coo- 

Louis de Roll, Ironworks Ltd., ling water plant; funicular and aerial 

Works at Gerlafingen, Klus, cableways for passenger and goods trans- 

Choindez, Rondez, port; building machinery for dam-build- 
Olten, Berne (Switzerland) ing work. 
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> ACCIAIERIA _ 
SE TUBIFICIO| 
IDI BRESCIA | 


formerly TU BITOGNI 


PENSTOCKS — VALVES — GATES 
AND ASSOCIATED EQUIPMENT FOR 
HYDRO-ELECTRIC PLANTS 


P. O. BOX 308 BRESCIA - Tel. 36.700 BRESCIA - Cable: ATUB - BRESCIA - ITALY 


United Kingdom Representatives: L. A. Poole & Co., Clun House, 17, Surrey Street, Strand, London, W.C.2. Tel. Covent Garden v021/2 





KARIBA—ON SITE—ON SCHEDULE 


The Stay Ring for No. | Turbine at 
Kariba—shipped from England in May, 
1958—is now in position. It is shown 
here installed in the vast underground 
power station, ready for the next major 
step, fabrication of the spiral casing. 

This is the first of six Boving Tur- 
bines being installed at Kariba. Each 
is of 140,000 b.h.p. 


SECTION 
THROUGH 
UNDERGROUND 
POWER 

HOUSE 


WATER POWER ENGINEER 


en 
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ARE YOU 
re-designing ? 


Start right at the beginning. Ask our design engineers to 
reconsider the basic form of your castings. Very often they 
can improve the structural form, and at the 
same time reduce complexity and cut costs. Then, 
when our metallurgists and foundry engineers yt 






take over, you’ll be getting cheaper, more sound 


castings of unequalled quality Se 


accuracy. This is what we call technical. — Z 















teamwork and we’re proud of it. It can 
tackle al] your casting problems and solve them. 


CASTINGS FROM A FEW 
OUNCES TO 19 TONS 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze, and light alloys. 


Precision machined bushes and _ bearings. 
Specialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, shell 


moulded castings, and chill-cast rods and 
tubes. Continuous cast phosphor-bronze 
bars up to 12 feet lengths. 


NON-FERROUS CASTINGS ; 
HIGH-DUTY IRON CASTINGS—PRECISION MACHINED BUSHES & BEARINGS 





T. M. BIRKETT, BILLINGTON & NEWTON LTD 
HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs 51433/4. 
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Type LG for medium-voltage systems up to 


Type L3 


Type L6 


Brown Boveri 


Distance Relays 





provide an ideal means of pro- 
tecting interconnected medium-, 
high-, and extra-high-voltage 


cable and overhead systems against 





short circuits 





They restrict to a minimum the effects 


of short circuits on the system 



















60 kV with or without rapid reclosing. 
Tripping time 0.1 s 


for high- and extra - high - voltage 
systems with or without rapid re- 
closing. Tripping time 0.06s 





Supplementary one-cycle version of 
type L3 for extra-high-voltage sys- 
tems. Tripping time 0.02 s 


BROWN, BOVERI & CO., LTD. 


BADEN (SWITZERLAND) 





Representatives in most countries 
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le mearinel 


BELGIUM CONCO 
FOUR 89 500 HP VERTICAL-SHAFT FRANCIS TURBINES 


operating at 333 r.p.m. under a 179m. head 


hydraulic turbines 


equipment of large dams and 
hydro-electric power plants 


equipment of irrigation networks 


drilling turbines 
hydraulic couplings 
hydraulic Measuring instruments 


experimental and theoretical 
research and studies 


GRENOBLE 


Avenue de Beauvert 
TELEPHONE 44.55.80 


PARIS XV 


8 Rue Bellini 
TELEPHONE. PAS.51- 09 
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-Penstocks for 
Hydro-Electric Power Stations 


4 


Study, planning, design and erection 


of complete: 


open-laid and trench-laid pipe lines 
pipe lines in tunnels 


lined pressure shafts, 
surge tanks, etc. 


pipe lines for irrigation and 
drinking-water supplies 


distribution piping 





Branch pipe with Sulzer stiffening collar 


Sulzer Brothers Limited, 


Winterthur, Switzerland «- 


Sulzer Bros. (London) Ltd., 
31, Bedford Square, London, W.C.1 











> r 
Twin pipe line in Switzerland for a 


service pressure of 1,600 Ib. /sq.ithus 
in the course of erection 














Uf gou ane tn Che 


the standard ‘*‘FE’’ compressor units 


can be assembled to suit your exact 
requirements for AIR AT LOWER COST 


Class *‘FE”’ compressors are suitable for 
handling gasses other than air. 








The advantage of standard Consolidated Pneumatic “FE” class compressor A Consolidated Pneumatic four-cylinder, 
four-crank, two-stage, double-acting horizontal 


units is that they can be built up into single or multi-stage installations balanced-opposed Class FE-42 Compressor. 
giving outputs up to 5,000c.f.m. or pressures up to 3,000 p.s.i. to suit exact jp ng ay ope gin = ap eal 
individual requirements, thus giving the most efficient return in terms of air 

delivered for power consumed. And, because the machines consist of 

standard units, the basic engineering cost of the plant as a whole is lower. 

Further, the virtues of the balanced-opposed design of these units are such 

as to effect considerable savings in foundation work, floor space and 

maintenance costs. In every way, “FE” compressors mean air at lower cost. 


I 


TOON CUTTY cLass “Fe” 


MAKERS OF AIR COMPRESSORS AND 480 DIFFERENT MODELS OF POWER TOOLS 





CONSOLIDATED PNEUMATIC TOOL CO LTD ‘ DAWES ROAD 
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for 


LU 








“User CLUSE 


3 up to 5000 c.f.m. or 3000 p.s.i. 





Og- 


























1. The basic Class ‘‘FE”’ crankcase 
and running gear, showing also 
compactness achieved by using 
engine-type, salient-pole motor. 


A two-cylinder, two-crank, single-stage, double-acting, 
horizontal balanced-opposed Class FE-21 Compressor. This 
unit requires 300 h.p. and is designed for 2500 c.f.m. at 40 p.s.i. 
Picture shows plant on the test bed in the Consolidated 
Pneumatic works, Fraserburgh, prior to delivery for operation 
by Charles Brand & Son Ltd., on the Clyde Tunnel contract. 


2. Different-size cylinders can be 
fitted, one-, two-, three- or four- 
stage machines being available. 


3. Large outputs are obtained by 
increasing the number of cylin- 
ders and working off a common 


ADVANTAGES OF THE BALANCED-OPPOSED DESIGN 


In the “‘FE” compressors, the crankcase and frame 
are centrally positioned with cylinders on opposing 
sides, the drive being obtained by a double-throw 
crankshaft. The resulting perfect dynamic 

balance makes for far greater compactness and 
virtual freedom from vibration, space and 
foundation work being reduced to a minimum. 
Also, the considerably smaller load imposed on 
main bearings, together with slow operating speed, 
ensure an extremely long life of continuous 
operation with very little maintenance. 


crankshaft. 
















No. 40 


This form will bring you a descriptive catalogue on Class ‘‘FE”’ 
Compressors, but if you would like advice on a projected plant, your 
enquiry can be dealt with more expeditiously if the following 


For further information complete information can be provided: 
this form and pin it to your letter 


heading. 


1, Output required in cubic feet per 
minute at intake pressure and 
temperature. 

2. Intake temperature and humidity. 

3. Intake pressure. 

e 4. Discharge pressure. 
5. Type of drive motor, voltage, etc. 





. Temperature of cooling water and 
type of cooling circuit. 
. Aftercooler, if required, and tem- 
perature of air at discharge from 
aftercooler. 
ee . Purpose for which compressor is 
to be used. 


LONDON ’ sSweé6 
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Bucyrus-Erie 
excavators 


the world over... 















are contributing towards progress by maintaining 
output and holding down costs on major projects... 








in France 
This 150-B dragline is one 
of five Bucyrus-Erie 
excavators engaged on 
the gigantic Serre-Poncon 
earth dam project on 

the Durance river in 
Southern France. 


in Switzeriand 
Operating at 9,000 ft. above sea 
level are five Bucyrus-Erie 54-B 

24 cu. yd. Ward-Leonard electric 
shovels loading blasted moraine 
rock for the huge concrete dam at 
Grande Dixence, Switzerland. 
Bucyrus-Erie excavators were 
preferred for their reliability in 
these tough conditions. 


In Turkey 
Development begins with 
excavation and for the dam 
construction at Damirk6prii 
five 54-B machines are used. 
The Hydraulic Works 
Administration of Turkey are 
another organisation which 
prefers Bucyrus-Erie equipment. 


BUCYRUS 





ERIE 








BUCYRUS-ERIE COMPANY 


South Milwaukee, Wisconsin, U.S.A. 
RUSTON-BUCYRUS LIMITED, LINCOLN, ENGLAND 8.£.3. 
















1959 
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HYDRAULIC LABORATORY 


In their own laboratory M-A:N investigate and test on models all 






problems relating to hydraulic engineering. Here in the picture, 






the model of a large weir plant with 35 openings is set up. 





What is being checked in this instance is the appropriate position 






and shape of the gates, weir axis and turbine intake channel. 






Erosion behind the weir was, by correct shaping, brought 






down to a minimum, and silting-up of the catchment basin up- 






stream of the weirs eliminated in the simplest and safest manner. 









MASCHINENFABRIK AUGSBURG-NURNBERG AG GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 
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"BEHIND THE SCENES 


* 


a 


mn a | the electrical insulation people 
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ARMFIELD 


MLVAULFLLOW 4 


10 in. PROPELLER PUMP «< 


a). ...for irrigation 
a = ...or flood prevention 
















You can move water faster and easier with a MAXIFLOW i 
pump. Ideal for the control of flood water, filling reservoirs 4 
and irrigation purposes. Illustrated are two MAXIFLOW 


pumps specially designed for permanent mounting on river 
banks or similar positions. 













TYPE 3 pump may be driven by farm tractor, diesel engine, 
Land Rover, electric motor, steam engine or any other 
suitable power. Addition of a jockey shaft enables belt or 
chain drive to be used. The ideal pump for universal appli- 
cation. Outlet may be set in eight different positions. 














TYPE 4 pump is of similar style but is driven by a directly 
coupled flange-mounted motor for use on sites where 
electrical power is available 









as ca 








Send for illustrated leaflet and further details: 


ARMFIELD HYDRAULIC ENGINEERING 
COMPANY, LIMITED 


RINGWOOD -: HAMPSHIRE : ENGLAND 


Telephone: RINGWOOD 760 (2 lines) Telegrams: HYDRAULIC, RINGWOOD 
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DESIGN 
FABRICATION 


and 


ERECTION 
of 


NSMOCI 





1D # 
th Ii id ip, 


a# si ; 
ee 
* ak : 





/ SAKAI: IRON’ WORKS CO., LTD 
j i a r- o7 € 
ne IN TSUMORI-CHO, NISHINARI-KU, 
1904 OSAKA, JAPAN 


_— 
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A LEFFEL TURBINE 
IS A TITAN OF QUALITY 


The technical know-how, skilled personnel, use of the 
finest materials available, and rigid standards of quality 
control closely adhered to in the modern plant of The 
James Leffel & Company, enable Leffel to produce the 
ultimate in rugged, efficient turbines of the highest quality. 

Leffel’s experience is derived from almost a hundred 
years of designing and building turbines of all types. 
The records show that many Leffel turbines have devel- 
oped efficient, low cost, trouble-free power for more than 


half a century. 


THE JAMES LEFFEL & CO. 


Oe a ee oe oO, 
mh | Ge ok i ine ae SBS 


Leffel produces all types and capacities of hydraulic 
turbines for a range of heads from 3 feet to over 1,000 
feet. And Leffel engineers are available to assist you, at all 
times, from the original planning of your project through 
to the actual installation of the turbine equipment. 

If you’re planning a new project, or the rehabilitation 
or expansion of present facilities, contact Leffel for fast, 
complete service and rugged,top quality turbines. 

Mail the coupon below for complete information about 
the abilities and services of Leffel. 


FREE LITERATURE _1105-E 


THE JAMES LEFFEL & COMPANY 
DEPT. W, SPRINGFIELD, OHIO, U.S.A. 


C] Please send me more information on Leffel hydraulic turbines. 


[] Please have your representative call 





Nome___ 


Company 





Street__ 
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Doulton High Voltage 
Tension and Suspension Discs 
were chosen for the new 

88 kV ring around the City of 
Bulawayo, Southern Rhodesia. 
Many other transmission lines 
in all parts of the World 

use Doulton Porcelain Disc 
Insulators, which are 

fully tested to meet British 
and American standards. 





















in ——- “ 3 f 





NATIONAL ° We |; a : ‘ 
POWER ‘ ae | 2 = _ - -. ~~ 
CORPORATION ¥ fe Cail ge, NN 


iF ge , ; , : $ 
MANILA - (Dme ! ene 
PHILIPPINES) _ | 


_ BINGA My Fronscnent ‘ ‘ 


o~ FOUR 40,000 HP. 





VIA STENDHAL 34 © “MILANO ITALY. 











Massive AC Generator for Brazil 


Capacity Voltage Frequency Speed 
83,000 KVA 13.8 KV 60 cps 200 r.p.m. 


The two largest AC generators ever built in Japan for export were completed by Hitachi 
last January. They were destined for the Paulo Afonso Power Station of Compannia Hidro 
Electrica Do Sao Francisco and situated on Brazil's San Francisco River — the hub of a 
gigantic hydro-power grid serving northern Brazil, with a capacity of 1,000,000 KVA. 

These umbrella-type alternators incorporate a number of new developments. The rotor 
spider, for example, was constructed of welded steel to effect a considerable reduction in 
rotor weight. A new, synthetic resin gives added durability and insulation for the coil. The 
segment-type bearings eliminate the need of an oil pump. These and other improvements 
are products of the world’s most advanced electro-mechanical technology. 


itachi. Ltd. 


Tokyo Japan 
Cable Address: “HITACHY'’ TOKYO 














WATER POWER June 1959 




















A long tunneller and a strong tunneller, 
the badger builds himself an intricate web 
of passages and dens in which to evade 
pursuit or retire from the noisy world outside. 

It’s a paradox of progress that man too—in getting 
even further away from nature—is going more and more 
underground. Tunnels for hydro-electric schemes, 
underground power houses—these and many other 
engineering feats are the work of man the tunneller— 
a skill which we have developed into a fine art. * * Many of these badger ‘sets’ have been 
* * In driving 40 miles of tunnels for the North of enlarged and improved through successive 
Scotland Hydro-Electric Board, Mitchell Construction pry wees fig hry: 4 a ee 
captured and hold the World high speed rock-tunnelling 
record and constructed the first major underground 


power station in Britain. 








=< AI 


MITGHELL CONSTRUCTION 


aa  - 


Building and Civil Engineering Contractors 


THE MITCHELL CONSTRUCTION COMPANY LIMITED 


WHARF WORKS - PETERBOROUGH 
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supplied to Power 
Station MAR LICHA 
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One of the 56,000 kVA., 50 c.p.s., 10,500/240,000 V. generator transformers, 
i having star-delta connections and OFW. cooling, with heat exchangers, supplied by 
* ELIN to the Liinersee power station of the Vorarlberger Illwerke Aktiengesellschaft. 
Liinersee is at present the largest high-head pumped-storage plant in the world and 
is designed to co-ordinate power production between the Vorarlberg hydro-electric 
development and thermal plant in the Rheno-Westphalian area. Special automatically- 
; control'ed equipment is installed for quick change-over from generation to pumping so 
: that power can be supplied at will either to the German Federal Republic system or to 
the pumped-storage plant at Lunersee. 
ee 
y W {7 > > ,yO = a) 
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For many years ESC has been the 
leading supplier of steel forgings 
to many vital industries. 

Forgings in weights up to 175 
tons are manufactured in our 
high quality carbon and alloy 
steels—single piece engineering 
units produced from ingots 


weighing up to 275 tons—and 





other forgings from ingots 


30 cwt. and upwards—for all 


branches of engineering. 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD. 


River Don Works, Sheffield A wholly owned subsidiary of English Steel Corporation Ltd 


Illustrations show a forging 
operation under a 7,000 ton 
electro-hydraulic press, rough 
machined and black forged steel 
Turbine Shafts, 22’ 1I° long, 

3 8 diameter with 6 2° and 
6 4° diameter couplings— 
weight as forged 111% tons, 
rough machined 70 tons—for a 
modern hydro-electric power 
project. 
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Insulators 


MIZUHO NAGOYA JAPAN 











HYDRAULIC STEEL STRUCTURES 
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Travelling, automatic screen cleaning machine for 


Power Station Rio Caroni Macagus No. | :— 


Cleaning width ...  ... 0... ee eee 2.1 m 
Width of rake ... ... ... 2... ws. 32 =m 
Travelling speed ... ...  ... ... «.. 13.5 m/min 
Lifting and lowering speed ...  ... .... 16.3 m/min 


° 
DESIGN AND CONSTRUCTION: 


WAAGNER-BIRO| 


AKRTTSGNGESELLSCHAPFT 
wien GRAZ 








Head Office... WIEN V., MARGARETENSTRASSE 70 
AUSTRIA 













y 
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BAILEY BRIDGES THE GAP.... 
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PHOTO. BY COURTESY : THE DEPARTMENT 
OF HIGHWAYS—ONTARIO. 


The Bailey Bridge—550 ft. long 








aaene mIGHN a —across the Mattagami River, is 
~~ 





t 



























rt \ just one of the many in constant 
HURON ) 
3 ONTO use by a large volume of traffic on 
Pi LAKE ONTARIO Highway II—part of the Trans- 
Ris te 
L. Canada Highway. 








1. STEEL RIVER. 2. FRENCH RIVER. 3. LITTLE PIC RIVER. 

4. KAPUSKANG RIVER. 5. MATTAGAMI RIVER. 

SPANNING FIVE RIVERS ON Full information on this or 
. 


+ 2 * any other project requiring 


HIGHWAY II ONTARIO, CANADA is.'m' ° 
















: PMOS.STORET™ (éncinees BED. 
WORLD LICENSEES FOR THE MANUFACTURE AND SALE OF BAILEY BRIDGING 
PATENTEES AND MANUFACTURERS OF STOREY UNIFLOTES 


$STOCKPORT & LONDON ENGLAND 


ENQUIRIES TO LONDON SALES OFFICE-6 VICTORIA STREET - WESTMINSTER SWI 
TELEPHONE: ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES; MICROFAB LONDON 













_—_. 
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EFFICIENCY -% 


TURBINE 


OUTPUT - HP 


| 54000 
| T0000 


| 


DEPARTMENT ~OF THE mor | 
CORPS OF ENGINEERS aa to. 
CLARK HILL POWER PLANT 


EFFICIENCY TEST BY GIBSON METHOD 


UNIT No. 5 MAY 2,1954 
TURBINE EFFICIENCY 
NET HEAD= 141 FEET 


NEWPORT NEWS SHIPBUILDING & DRY DOCK CO 


THE GRAPH shows performance of a 55,000 horse- 
power turbine, one of seven such units built by New- 
port News for the Clark Hill Power Plant (see photo). 

Shape of the curve is typical ... not exceptional... 
for Newport News turbine performance. Regular, 
uniform, showing no-cut-off at full load, it indicates 
consistent delivery and stable operation. 

And especially, experience in design and model 
testing. 

At Newport News, turbine runners are continually 
being designed and redesigned for improvements in 





Engineers ... Desirable positions available at Newport 
News for Designers and Engineers in many categories. 
Address inquiries to Employment Manager. 














Maximum efficiency of 94.1% 


Reflects advanced practices at Newport News 





performance. And often upon receiving a contract for 
turbines, a model setting is built and complete tests 
made. So far, Newport News has filled turbine con- 
tracts with an aggregate rated output in excess of 
7,000,000 horsepower. 


Penstocks, spiral casings, valves, pumps, rack rakes 
and other essentials are also designed and built by 
Newport News. Our illustrated booklet, “WATER 
POWER EQUIPMENT,” will be sent to you upon 
request, 


Shipbuilding and Dry Dock Company 
Newport News, Virginia 
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Question to Power Line Builders: 










Is this 
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“Electrical Data” is available in Englishand Spanish 
Recognise it? It’s a formula for calculating the critical corona voltage when editions, as well as in Swedish. When writing for your 
designing power lines. It is necessary to know this, since one of the chief thes cage, glveee ciate whieh langage you guetes. 
factors determining the number and size of the conductors in a transmission 
line is the voltage at which power losses, due to the corona phenomenon, 


become serious. 


The higher the voltage, the greater the difficulty from this cause—and with 
transmission voltages steadily rising, such problems are being met more and 
more. To help in solving them, Svenska Metallverken has published ‘‘Elect- 
tical Data for High Tension Power Lines,” written by two of the engineers 
responsible for the design of Sweden’s 380,000-volt power system. With its 
formulae, tables, and monograms, this is a handy “‘ready-reckoner” for use 


when selecting conductors for transmission lines. 


This is just one of the ways in which you can draw on Swedish technical 


Ri ie 


know-how when doing business with Svenska Metallverken. Remember, 





Electrical Data 
for High Tension 
Power Lines se 


. too, there’s a good deal of “‘know-how” in Feral Cable itself—the reliable 
Swedish ACSR. 





When planning power lines, consult 


| SVENSHA METALLVERHEN 


Manufacturers of Feral Cable thy, 









FERAL CABLE DIVISION VASTERAS : SWEDEN 
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In the range of dependable 





Ruston-Bucyrus excavators 










there £3 O12 € ahh well sare YOM fMltpose Ces 





we > 


In choosing a Ruston-Bucyrus excavator, irrespective of size or type, you 


will be sure of a machine that has been proved to give sustained high Arid conditions in the mountains 
output at low cost combined with long life, even in the toughest work. of Iran near the Caspian Sea 
emphasize the stamina of the 
Examine the features of R-B machines which Ruston-Bucvrus 54-RB. This 2% cubic 
users and operators alike appreciate yard shovel, working an eighteen-hour 


Simple machinery layout for easy maintenance, adjustment and servicing. shift, is engaged on the construction 

Ball and roller bearings for smooth, efficient transmission of power. of the barrage for a hydro-electri: 

Fast, easy-acting control to maintain high output. scheme on the Sefid Rous River. 

Clutches and brakes of individual design and ample capacity for their duty. 

Choice of mountings to achieve maximum stability { 
for the specific operating conditions. 

Easy conversion and equal efficiency with each front-end equipment. 








RUBTON ~ There is an excavator to suit you in the 
R-B range-—3/8 to 6 cubic yards capacity 


D o ae 
paeonihr-orwage an RY“ Ofe — “LCYUPUS Limited 


are interested. 


UCYRUS 





EXCAVATOR SPECIALISTS, LINCOLN R.B.1B 
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NIVERS TO/KELOWATT 
VIA INTERNATIONAL ENG (EERING 





CAMARGOS 
ITUTINGA 
SAO MIGUEL 
INFERNO 

' FUNIL 
x FURNAS 








v 
Six integrated hydroelectric power projects with a 

combined power potential of 1,400,000 kilowatts! That’s the 

scope of a vast engineering project in the heart of the SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 
Rio Grande basin, state of Minas Gerais, Brazil. Already e Reconnaissance and Surveys 

producing vitally needed power for diversified industrial e Preliminary Analyses and Evaluation 

and commercial needs is Itutinga . . . Camargos is under e Estimates, Financing Plans and Project Recommendations 
construction .. . economic feasibility studies and ¢ Design Drawings and Construction Specifications 


preliminary design have been completed for the others — e Analysis of Bids and Bid Recommendations 


e Detailed Construction Drawings 


all engineered by the International Engineering Company. 


e General Engineering Supervision 


a Tet. 


e Final Reports and Record Drawings 


For a complimentary 
copy of our 16-page illustrated 
brochure, write to Dept. 2-1 


~ INTERNATIONAL ENGINEERING COMPANY, INC. 





74 New Montgomery Street * San Francisco, California, U.S.A. 
A subsidiary of Morrison-Knudsen Company, Inc. 
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NOW manufactured in Britain 
wy 


| Le. 
——* 


COCKBURN-ROCKWELL 


HEAVY-DUTY 


BUTTERFLY-VALVES 


including WAFER-DESIGNS 


Rockwell Heavy Duty Butterfly Valves are now 
manufactured under licence in Britain by Cockburns 


of Cardonald 


These Valves provide wedge-tight shut off for steam, 
gas or fluid at pressure differential up to 150 p.s.i. 


@ Positive Control for a wide range of applications. 

@ Easy installation with small face-to-face dimen- 
sions. 

@ Low first cost. 

@ Wide range of operating mechanisms. 


f any metal with any lining, for any 
gp se... temperature and flow con- 


—~ 


—~ 


redhat 
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Circuit-Breaker type “P”’ 


UPT- SACE 120 





















Rated voltage 600 V 

Rated current up to 4,000 A 
Breaking capacity up to 55 kA 
at 500 V a.c. 





\ Circuit-Breaker type “Z 2” 

re) 

ve Rated voltage 600 V 
Rated current up to 600 A 
Breaking capacity up to 20 kA 

mM, at 500 V a.c. 

S.i. 

ns. 

en- 

ny 


on- 
Circuit-Breaker type “Z’’ 


Rated voltage 500 V 

Rated current up to 150 A 
Breaking capacity up to 12 kA 
at 500 V a.c. 












SACEE 


A. COSTRUZIONI ELETTROMECCANICHE MS 





Branch Offices: 
Milan-Via Montebello, 39 
Rome-Via del Tritone,|25 


Head Office and Works 
bergamo - Via Baioni, 35 








| TALY 










HYDRO-MECHANICAL VOITH EQUIPMENT 
FOR PUMPED-STORAGE PLANTS 


3 VOITH FRANCIS SPIRAL TURBINES, each rated at 58,300 HP at 260 ft. head. installed in the GEESTHACHT PUMPED- 
STORAGE PLANT of the Hamburgische Electricitatswerke AC. 


Voith have also designed, built and delivered for this project 3 weight-actuated butterfly valves for the intakes and 3 
hydraulically operated butterfly valves ahead of the turbines, inside diameter of valves 12 ft. 6 in. 


Our manufacturing programme for pumped-storage plants includes:— 


Turbines of the Kaplan, Francis or Impulse type. 
Storage pumps with clutches. 

Starting turbines or starting converters. 

Speed governors, automatic control equipment. 
Shut-off valves for intakes and turbines. 
Y-pipes, racks and rack cleaning equipment. 


@ J.M.VOITH GMBH: HEIDENHEIM (BRENZ): GERMANY 
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WATER CONTROL GATES 


a EATVA ‘Z 


i Waves 





MANCHESTER SHIP CANAL 
Ten wheel gates 30ft. span by I7 ft.6in. deep 


HYDRO-ELECTRIC - IRRIGATION 
FLOOD CONTROL - WATER SUPPLY 
LOCKS and DOCKS 


Contracts carried out in all parts 
of the world 


RANSOMES & RAPIER LTD. IPSWICH ENGLAND 
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The Largest Vertical 


ELTON 


Turbine 


in Norway is 
a KMW Turbine 











nll MMH. 

















In the last half of 1958 the first of the .. Both the turbines are equipped with the 
two Pelton Turbines ordered from KMW ASEA-KMW system of electro-hydraulic 
by the Hjartdola Power Station in Norway governing. Impulses from the electronic 


was put into operation; the second unit regulator are converted into mechanical 


will be put into service shortly. The motion in the electro-hydraulic actuator. 


turbine has a nominal output of 71,000 This motion is transmitted via a separate 
H.P. at 555 m (1,820 ft.) net head and servomotor to the deflectors and the 
428 r.p.m control valves of the needle servomotors, 
which are linked by a _ conventional 
system of cams to provide the correct 


combination of controls. 
This is the first time that an ASEA- 


KMW electro-hydraulic actuator has been 
used for a Pelton turbine. When the first 





unit was started up and put into service, 
the regulating system operated perfectly 
without any adjustment. Alterations in ' 


speed when throwing-off load were very 








small and the return to normal revolu- 







tions was remarkably quick. 


AB KARLSTADS MEKANISKA WERKSTAD 
Karlstad - Sweden 










Representatives in Canada: A. Johnson G Co. (Canada) Ltd., 
607 Shell Tower Building, Montreal 2. 
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The “FERGUSON PAILIN” Type XOPR60 oil 

circuit-breaker is outstanding in the field of bulk- 

oil circuit-breaker design, inasmuch as its principle 

feature is a proved ability to interrupt and “make” fault 
currents equivalent to 5000 MVA at 132kV. 

In line with “‘ FP” activitics in switchgear develop- 

ment generally, this represents a high level 


oma. 





of achievement. 








The arc contro! device incor- 
porated is, to a large extent, 
responsible for the exceptional 
performance of the circuit-breaker. 


la 


a 


weAse 





THE 





sy 


ce 





65-3323 


The circuit-breaker is ideally suited to 
heavily inter-connected systems and has 
been liberally designed for use in any 
climatic conditions. 





a.) for Switchgear 


Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROylsden 1301 (Pte.Branch Ex) 
BIRMINGHAM OFFICE : Windsor House, 656 Chester Road, Erdington, 23 GLASGOW OFFICE : Central Chambers, 109 Hope Street, C2 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 





Ferguson Pailin cimiteo 





LONDON OFFICE : 33, Grosvenor Place, $.W.1. 
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MINING 
MACHINERY 
EXHIBITION 





51 
Fabricated 


Platework 


by 







PIPEWORK 


We can supply low pressure Steam, 
Gas and Water Mains and high 
pressure welded unlined Water 
Piping. We also specialise in bends 
of large diameter pipes and branch 
pipes of complicated design. 





ALLENS,°% 


“[ IPTON 





Mj 


your 


specitication 


W. G. ALLEN & SONS (TIPTON) LTD. 


Telephone; 


40 


Ducts of rectangular design es 
for power stations or boiler houses, 
of electrically-welded construction in 
Mild or Special Steels or Aluminium Alloy, can also be supplied. 
They are accurately fabricated to suit your exact requirements. 



















@ Full details of our Fabrication Service are described in our new 
Brochure entitled “‘FABRICATED PLATEWORK.” A copy is 
yours for the asking. 


P. O. BOX 4 


TIPTON 1266 


TIPTON STAFFS 
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AZIENDA ELETTRICA MUNICIPALE, MILANO (ITALY) 


GROSIO WATER POWER STATION 
NORTH ITALY 


2-107,000 kW. Vertical axis, 
four-jet PELTON units 


Output each:- 
107,000 kW. 


Available head:- 
600 mts. 


Discharge:- 
20,350 Its/sec. 


Speed:- 
333.33 r.p.m. 


Wheel of one of the two PELTON units 


EUROPE’S HIGHEST OUTPUT PER UNIT 





FRANCO TOSI S.p.a + LEGNANO om 


WATER POWER June 1959 
















ae ow ** 


Furst nad 


Stourport-on-Severn, Worcestershire 
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STEATITE & PORCELAIN PRODUCTS ‘LTD. 


i 


| 
| 
| 


HH 
WHI 


Mm 
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li 
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- Post Insulators 
were ‘wed on all the 110ky 


outdoor switchgear on the Jog Falls 
Hydro-electric Scheme 


The outdoor switchgear at Jog Falls Power Station, in 


Mysore State, India, equipped with S.P.P. Cylindrical 
Post Insulators type P.7o01. 








Telephone: Stourport 227] Telegrams: Steatain, Stourport 


3.74 
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SOCIETE DES FORGES ET 
ATELIERS DU CREUSOT 
(USINES SCHNEIDER) 


15, Rue Pasquier, PARIS 8 - Tél. : Anjou 34-40 o. 


LE MATERIEL ELECTRIQUE S-W 
Constructions électriques SCHNEIDER 
Licence WESTINGHOUSE 


32, Cours Albert-t* PARIS 8 Tel BAL. 57-50 


COMPAGNIE INDUSTRIELLE 
DE TRAVAUX 
(ENTREPRISES SCHNEIDER) 


16, Boul. Malesherbes, PARIS 8 - Tel. : Anjou 34-40 


xy 


a matse™ 


. 


i 


Laksapana Power Plant (Ceylon) :Penstocks 


Serre-Poncon Dam Project : concrete 
gallery extending over 7,000 ft. 





Laksapana Power Plant :Two 16,100 kW 
Pelton units under erection 


CONSTRUCTION AND ERECTION OF ANY 
HYDRAULIC POWER PLANT EQUIPMENT 


Penstocks, Valves, Turbines, Alternators, 
Electric Switchgear, Transformers, etc... 


CIVIL ENGINEERING WORK 
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RING-JET 
VALVES 


for easy regulation 
and contro/ of water 
under free discharge 





AZ 4 


This 18-inch Ring-Jet Valve, installed by the City of Bremerton, Wash 
ington, is manually operated. Under a 115-foot design head, it dis 
charges 76 MGD when fully opened. Note how the hood concentrates 
the discharge stream 


Allis-Chaliners Ring-Jet 
haem Valves are a logical devel- 
ferme opment from the Howell- 

Watiaeame Bunger Valve. For use un- 

.-- der high- and low-head, 

- free-discharge conditions, 
the A-C Howell-Bunger creates a substan- 
tial amount of spray in providing maximum 
dispersion to minimize erosion. Now, in the 

A-C Ring-Jet Valve, the addition of a steel 

hood creates a concentrated jet, reduces 

spray, and helps dissipate the energy in the 
discharged water. 

This new A-C Ring-Jet Valve gives you the 

simple construction, radially-balanced hy- 

draulic design and easy operation of the 

A-C Howell-Bunger Valve, while very 

nearly matching its high discharge coeffi- 

cient. Ring-Jet Valves are available with 
standard manual and/or motor-driven op- 
erators. Hydraulic operation can be pro- 
vided, and is especially applicable to the 
larger sizes and higher head applications. 


One of two 66-inch A-C Ring-Jet Valves during final assembly at Tulloch 
Dam, California. These valves are used for an irrigation bypass, op 
erate under a 145-foot head 





To obtain complete 
information on the 
A-C Ring-Jet Valve, 
contact your nearest 
Allis-Chalmers 
office, or write 

~~ ~~. Allis-Chalmers, 

7» <s Hydraulic Division, 
! ) ork, Penna. 





P rarer Hydraulic Turbines & Accessories * Pump-Turbines +« Pumps « Liquid Heaters 
HYDRODYNAMICS _——— 
Hydraulic Division Rotovalves « Ball Valves «+ Butterfly Valves + Free-Discharge Valves 


ENGINEERING FABRICATION 
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societa 
nazionale 

delle officine 

di 

savigliano 

corso mortara 4 
torino (italy) 
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savigliano 


260 kV class 


transformers 


electromechanical constructions 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 
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CAP DE LONG: Self-hooped penstock for the 

Pragneres Power Station, in the Pyrénées. 
Head 1,252 metres, Flow 14,6 cu.m./sec. 

Diameter 2.25 to 1.60 metres, Power 200,000 H.P. 





GRANGENT DAM on the Loire 
One of the four Crest Gates, Sector Gate Type 
(12°5 m. x 14-4 m.) during erection. 


ETABTS:- BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 
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GLENFIELD 








The design and manufacture of Butterfly 
valves for use as portal valves, and for auto- 
matically cutting off flow in the event of bursts 
or other mishaps in pipelines, has for long 
been a Glenfield speciality. 


Illustrated are a 42 in. dia. weight actuated 
automatic self-closing unit for a hydro-electric 
project in New Zealand; and a 96 in. dia. 
hydraulically operated automatic self-closing 
portal valve, with anti-vacuum valves, for a 
scheme in Scotland. 











| CIEE) & KENNEDY. LIMITED. KILMARNOCK 





Head Office & Works- KILMARNOCK, SCOTLAND 
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The GILJET Governing system provides a simple 
and effective method of governing Francis turbines 
operating on long pipelines. Its basic principle is 
the temporary application of a hydraulic load to 


compensate for the rejection of electrical load. 


A 3,100 horsepower ‘Gilkes’ Francis 
turbine operating on 340 feet head 
and fitted with GILJET governing. 
This unit is installed in the North 
of Scotland Hydro-Electric Board’s 
Kilmelfort Power Station. The pipe- 
line is 4,700 feet long and there is 


no surge chamber. 








GOVERNING 
SYSTEM 




















A typical medium-power ‘Gilkes’ Francis turbine 
fitted with GILJET governing equipment. 


This action not only reduces pipeline pressure surges 
to a minimum but also restricts the speed rise to a 
low figure. For this reason the GILJET has superseded 
the conventional! relief valve in many hydro-electric 


schemes. 





GILBERT GILKES & GORDON LTD 


WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 3231 


G.10 


WATER POWER June 1959 











Canal-Safety-Gate of 42 m (approx. 138’) width and 10 m (approx. 33‘) hight 




















BRUCKENBAU AG. 


- 


RHEINSTAHL UNION BRUECKENBAU AG., DORTMUND, WEST-GERMANY 
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NOHAB awarded turbine contract 
for the Furnas Power Station 


In the face of keen competition between the most 
known turbine manufacturers in the world, NOHAB 
recently received the order for four Francis turbines 
for the Furnas Power Station, Brazil. These tur- 
bines will have a maximum output of approximately 
225,000 HP each, under a net head of 98.7 m (323 ft. 
11 in.). They will be similar to those already de- 
livered by NOHAB to the Swedish State Power Board 
for their Stornorrfors Power Station. 





Above: Oue of the runners for the Stornorr- 
fors Power Station, Sweden. Each runner has 
a guaranteed maximum output of 200,000 HP 
under a net head of 75 m (246 ft.). 


Left: A model runner of the Francis type to 
be tested in NOHAB’s hydraulic laboratory. 


Below: One of the runners for the Lasele 
Power Station, Sweden. Each runner develops 
87,200 HP under a net head of 52 m (170 ft.). 
This head is the highest in Sweden for which 
Kaplan turbines have been built. 





Consult NOHAB in your 
water power problems 


NYDQVIST & HOLM AKTIEBOLAG 


TROLLHATTAN, SWEDEN ~- Cables: NOHAB 


Telex: 5284 - Telephone: 18000 











OF 


ELECTRICAL 
EQUIPMENT 


CIRCUIT BREAKERS, 
INSTRUMENT TRANSFORMERS, 
ISOLATING SWITCHES, 
BUSHING INSULATORS, 
CONTROL DESKS AND PANELS, 
SWITCHBOARDS, 

FOR MEDIUM, HIGH AND 
ULTRA-HIGH VOLTAGES 


ELETTRO 

N 

Pal Weel a3 
GALILEO 


Di BATTACLIA TERME SpA 


For offers and details please enquire to: 
OFFICINE ELETTROMECCANICHE GALILEO - SERVIZIO COMMERCIO ESTERO - MILANO, VIA LARGA, 26 
CcorFat ¥ > PHONE: 877.895 - GRAMS: ELETTROGA - MILANO 








Speedy, easy, one-man Simple operating -mech 
control against full un anism—no separate 


balanced pressure protective devices 


Minimum friction logs 
and no wear on valve 


seats 


Self-cleaning action be- 
tween body and plug with 
no face-to-face friction 


fluid 
control 


Water-hammer controlled 

by positive valve timing 

and good design charac- & ; 
teristics 


No underground chamber 
is required: the operating 
Supplied in standard sizes mechanism can be com- 
from 12 -72 with electric pletely sealed 
motor, hydraulic o1 
pneumatic servomotar 01 


manual drives 


)) 7 
ROTOVALVES Vp 


THE HARLAND ENGINEERING COMPANY LIMITED ALLOA SCOTLAND 


LONDON AND EXPORT SALES OFFICE: HARLAND HOUSE 20 PARK STREET WI 
Branches. in BRISTOL GLASGOW LEEDS NEWCASTLE NOTTINGHAM TIMPERLEY (CHESHIRE) WOLVERHAMPTON AND OVERSEAS 


F 8900/2 
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experience 


keeps in the lea 


Being the World’s greatest cablemakers is not just a matter of size. 
It’s also, generally speaking, a case of knowing more than the other fellow. 
The experience gained from making BICC cables and accessories for every electrical purpose 


has helped us pioneer many developments in our field. 





This 138 kV 
submarine cable 

had to be 
16 l The power link between the British Columbia 
mil mainland and Vancouver Island required more than 133 
es ong of 138 kV_ single-conductor submarine cable, 


miles 

including seven 16-mile lengths—each without a single 
joint. Making such unjointed lengths of cable was con- 
sidered to be ‘impossible’ in the electrical world. But 
BICC made and laid them with conspicuous success. 
Altogether some £34 million of power cable contracts 
have been placed with BICC by the British Columbia 
Electric Company Ltd. 


330,000 VOLT CABLE FOR KARIBA 


D.S.O. FOR ECONOMY CABLES FOR THE 
The Ductless Shaped-con- FIRST NUCLEAR POWER STATION The Kariba dam is being built on 
ia as / : - ; ; the Zambesi river to provide hydro- 
ductor Oil-filled cable is BICC supplied cables and accessories for electric power for Central Africa 
BICC’s latest development in Calder Hall, England, the first nuclear power Transmission equipment for this 
33kV transmission. Dispen- station in commercial operation. The cables project is being manufactured by 
sing with fillers and built-in include specially designed types resistant to BICC. Altogether orders for this 
ducts, it costs less than con- intense radiation and heat, company total some £34 miilion 
ventional cables of equal duty. for operating the fuel charging and include a specially designed 


330,000 volt single-conductor oil- 
filled cable—at present being manu- 
factured—which will connect the 
underground power house to the 
overhead transmission lines. This 
will be the highest voltage cable 
ever installed in Africa. 


and discharging grabs, 














the World’s largest cablemakers 





BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.l 


Branches and Agents throughout the World 
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WATER 


POWER 


A technical journal devoted to the study of 


all aspects of hydro-electric development 


The Small Hydro Plant 


OR some years a Working Party of the United 

Nations Economic Commission for Europe has 

been studying rural electrification, and one of the 
subjects in which this Working Party has been inter- 
ested is the role of the small hydro plant. In the 
Economic Commission’s first Report on Rural Elec- 
trification a study was made of “micro” water-power 
plants—by which was meant installations up to about 
100 kW—and we discussed its findings under this 
head at length in our Leading Editorial in our July 
1954 issue. 

In the third Report*, which has recently been made 
available, a return is made to the subject in a report 
by Monsieur Ch. Crescent on the principles governing 
the use of smaller hydro plants in local networks and 
main grids. In this report the net is cast rather more 
widely, as the upper limit of size is taken at 1,000 kW. 
and the findings of the report are based on a survey 
of small water-power plants in various European 
countries. Some of these surveys are of definite inter- 
est, but in some cases they refer to periods so long 
past that to draw conclusions from them as to current 
trends, in our view, is of questionable value. 

The most recent figures come from France and 
relate to 1954, when there were 374 stations in service 
with individual capacities below 100 kW and 17 with 
capacities between 100 and 1,000 kW, the total in- 
stalled capacity being 8,542 kVA and the total pro- 
duction 24-25 GWh. These plants represented only 
one-thousandth of the total hydro-electric capacity 
installed in France at that time, but this low figure 
does not imply the disappearance of the low-power 
station; on the contrary the number of these stations 
increased steadily from 249 in 1930 to 391 in 1954. 

In Czechoslovakia in 1953 stations below 200 kW 
capacity numbered 5,291 and represented more than 
95% of the total number of kydro stations, but their 
aggregate capacity, of 99,585 kW. amounted to less 
than 22% of the total for the country. 





* “Rural Electrification,’?’ Volume III. European Office of the United 
Nations, Palais des Nations, Geneva. Sales Number 58.11.E/Mim.9. 
Price $1:50 (U.S.); 11s. stg.; 6-50 Sw. Fr. 
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In 1952 in the Wiirtemburg district of the Federal 
Republic of Germany, 14 hydro stations with an 
aggregate capacity of 13,000 kW were situated on 
small rivers under heads in most cases less than 10 m., 
and produced 37 million kWh. About 50 small 
stations were to be connected to the system within 
five years. 

Data for Switzerland are given for the years 1936, 
1942 and 1948. The number of stations with a capac- 
ity of less than 100 kW decreased from 151 in 1936 
to 135 in 1948, and the total capacity from 9,240 kW 
to 6,825 kW, but the number of stations between 100 
and 1,000 kW rose from 77 to 86, the capacity in- 
creasing from 55,500 to 61,700 kW. 

The period covered by the data for Italy is not 
quoted, but the installed capacity of low-power plants 
is given as 212,700 kW, furnished by 714 stations of 
less than 100 kW capacity and 414 stations between 
100 and 1,000 kW. This represents 2:5% of the total 
Italian hydro capacity. 

Figures for Sweden relate to 1 January 1933, when, 
out of a total of 1,313 hydro stations 1,068 were small 
ones aggregating 227,726 kW. On 1 January 1935, 
the total installed hydro capacity in Sweden was 
3,516,741 kW. These figures obviously give little guide 
as to the trend in Sweden at the present moment, but 
apparently about ten plants in the 100—1.000 kW range 
were placed in service during 1953-54. 

Data for the United Kingdom were provided by 
the North of Scotland Hydro-Electric Board, who 
maintain four small stations aggregating 1.265 kW 
on the mainland and a few others in the islands. 
These figures, however, do not give a complete pic- 
ture, as most of the small hydro stations in the British 
Isles happen to lie outside the North of Scotland 
Hydro-Electric Board’s area. 

In the Soviet Union small stations run into thous- 
ands and play an important part in rural electrifica- 


tion. 
Monsieur Crescent concludes from his study that 


small hydro plants are making an effective contribu- 
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tion to the electric power supply of the countries 
consulted, albeit on a small scale. They are usually 
located at a distance from large centres of popula- 
tion and their main function is to improve rural dis- 
tribution. Monsieur Crescent points out a most inter- 
esting similarity between the relation to total national 
installed capacity of small hydro plants and of inter- 
national power exchanges. This similarity between 
two sources situated, so to speak, at opposite ends of 
the scale, would appear to indicate that even relatively 
small amounts of extra power are useful in the oper- 
ation of systems. 

With small hydro plants the question of capital 
costs becomes very important, and the value of a low- 
head low-power site may be transformed if it is 
possible to make use of existing engineering works 
such as an old lock. In French opinion sites offering 
less than 50 kW are not profitable unless conditions 
are very favourable. 

The mechanical and electrical equipment, also, has 
an important bearing on the cost and on the amount 
of attention required, and perhaps the most useful 
section of Monsieur Crescent’s report is the summary 

too lengthy to be given here—of the various ideas, 
many of which are conflicting, about turbine govern- 
ing, the use of synchronous or induction generators, 
voltage control and regulation, and switching, elec- 
trical control and safety gear. 

Monsieur Crescent’s report, which sums up in 
favour of the future of the small hydro plant, has 
avowedly been written from the standpoint of their 
connection to public-supply systems, and although 
mention is made of the independent plant little in- 
formation is presented as to its prospects. The main 
difficulty, of course, is to collect reliable and suffici- 
ently comprehensive data about independent plants, 
but they must obviously exist in large numbers. The 
papermill power plant which we described in our 
November 1958 issue is typical of the small industrial 
plant, and other articles in our past issues have borne 
testimony to the interest taken in the development of 
“micro” sets for estate duty. A survey of the field for 
the independent plant would be difficult to carry out 
but would be absorbingly interesting. 


Norwegian Hydro-electric Power Projects 


EW hydro-electric power projects, to cost 428-8 
million kroner (£21.440,000). are outlined in a govern- 
ment bill submitted to the Norwegian Parliament re- 
cently. It is assumed that substantial loans for financ- 
ing these projects will be made available by Swedish 
sources and the World Bank. The total capacity of 
Norwegian power plants was increased by 540,000 kW 
last year. New generators. due to be installed this 
year, will add over 600,000 kW. 

The latest government bill requests Parliamentary 
approval of plans for a new power scheme in the 
province of North Tréndelag and a long-distance, 
high-voltage transmission line to link Tréndelag with 
the East Norway power grid. The State and North 
Tréndelag would each finance half of the 233 million 
kroner (£11,650,000) cost of the large Tunnsjé deve- 
lopment project. All expenses in connection with the 
power transmission line would be borne by the State. 
Development of Lake Tunnsjé and its waterways is 
estimated to yield an annual power production of 
some 1,130 million kWh. Subject to Parliamentary 
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approval, the plan calls for exporting part of the out- 
put to Sweden—300 million kWh annually for 20 
years and 150 million for a shorter term, with possi- 
bility of increasing the export by an additional 100 
million kWh. The proposed transmission line would 
link the Tunnsj6, Nea and Aura power plants with 
Vinstra, which already is connected with East Nor- 
way. 

Supplementary funds for three other power develop- 
ment projects are included in proposals for the 
1959-60 State Budget. One hundred million kroner 
(£5 million) is requested for the large Tokke project, 
which eventually will have a capacity of 800,000 kW. 
The 90,000 kW Innset power plant in the province of 
Troms, has been earmarked for an additional 20 mil- 
lion kroner (£1 million), and 31:2 million kroner 
(£1,560,000) would go to develop Upper Réssaga 
river, in Nordland. to supply more power to MOSAL 
aluminium plant and the Norwegian State iron works. 


New Snowy Mountains Power Line 


W ork will begin before the Australian winter on 
a major high-voltage transmission line to feed power 
from the Snowy Mountains and the Tallawarra power 
station into the State-wide electricity network. Ten- 
ders for the line, which will run 42 miles from Dapto 
to the site of a big new sub-transmission station south 
of Sydney near Revesby, closed in April. The trans- 
mission line, carried by more than 200 steel towers, 
each 100 ft. high, is a top-priority project and will be 
completed early in 1960. 

At Tallawarra a 100 MW generator now being 
built in Britain will be in service, raising the station’s 
output next year to 220 MW. The capacity of the 
Snowy Mountains T1 hydro-electric station at Cabra- 
murra will be increased next year to more than 200 
MW, and this winter the first output of Tl power, 
having a capacity of over 100 MW, will be received 
by the Electricity Commission. 

The new Dapto-Sydney line, to operate at 132 kV 
for the first two years, will be the third 132 kV circuit 
to come into service between Tallawarra and Sydney. 
At the end of 1961 the line will be energised at 330 
kV to feed into the new £2 million Sydney South Sub- 
station near Revesby, on which work will begin in a 
few months. The construction of a five-mile steel 
tower transmission line from the site of this new sub- 
station to Bankstown will also begin this year. This 
line will be operated at 132 kV. 


British Columbia Power Corporation 


THE British Columbia Power Corporation Limited 
has published its annual report for the year 1958 
showing that revenue was $8,876,483 or $1:95 per 
share on the common shares outstanding at the end of 
the year as compared with $9,582,598 or $2:33 per 
share for 1957 on a lesser number of outstanding 
shares; the quarterly dividend rate of 35 cents was 
continued. 

The Western Development and Power Limited, : 
wholly-owned subsidiary of the Power Corporation. 
was originally formed in 1956 with the principal aim 
of investigating the hydro-electric potential of the 
Fraser River. This investigation has now begun but 
it will be some time before power from the Fraser will 
be available. Little was known of the power potential 
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of the Peace River in north-east British Columbia 
until preliminary surveys conducted by the Wenner- 
Gren organisation during 1957 and 1958 indicated 
that not less than 3,000,000 kW could be produced 
there economically (see WATER Power, July 1958, 
page 244). The Western Development and Power 
Limited has purchased an interest in a new company 
which is carrying out further investigations to estab- 
lish, before 31 December 1959, more accurate costs of 
generating and transmitting Peace River power. 

At present, estimates of power requirements indi- 
cate that, by 1978, British Columbia will need practi- 
cally all the power from both the Peace and Columbia 
rivers. Development of the upper Columbia requires 
agreement on several problems between Canada and 
the United States before an approach can be made to 
the provincial and federal authorities concerned, and 
it is impossible to predict at this stage when and how 
Columbia power will be available. 

The Power Corporation is now investigating all 
possible sources of power, including nuclear genera- 
tion. It is hoped that a start may be made soon on one 
or more of the major rivers because the large hydro- 
electric resources promise the cheapest power and 
their development would be an excellent stimulus to 
the economical development of British Columbia. 


Plant Orders for Remaining Strathfarrar 
and Kilmorack Stations 


THE North of Scotland Hydro-Electric Board have 
placed contracts for the generating plant for the re- 
maining two power stations of their Strathfarrar and 
Kilmorack scheme in Inverness-shire, referred to in 
our May issue. The English Electric Co. Ltd. have 
been awarded the contract for the generating plant at 
the Culligran power station in lower Glen Strath- 
farrar. The plant in this station, which will consist of 
a 30.500 h.p. Kaplan turbine driving a 22,000 kW 


generator, will be made at Harland & Wolff’s Scots- 
toun engineering works, Glasgow. At the Deanie 
power station, six miles farther up the Glen, the plant 
will consist of two 26,600 h.p. vertical-shaft Francis 
turbines each driving a 19,000 kW generator. The 
contract to manufacture and supply these sets has 
been placed with the English Electric Co. Ltd. who 
will manufacture the generators at Scotstoun while 
the turbines will be made by the Harland Engineering 
Company, Alloa, as subcontractors. 

The electrical and mechanical consultants for the 
Strathfarrar & Kilmorack Scheme are Messrs. Ken- 
nedy & Donkin, Edinburgh. 


Picote Station Inaugurated 


Picote station, the first Portuguese hydro-electric 
plant on the international stretch of the river Douro, 
which was described in our April and May issues, 
was Officially inaugurated on April 19 by the Presi- 
dent of the Portuguese Republic, Admiral Américo 
Thomaz, in the presence of a number of ministers 
and Portuguese and Spanish official personages. This 
station, which has an installed capacity of 180 MW, 
will produce 1.000 GWh in an average year on a 
run-of-the-river basis. Its cost was approximately 
£8,400,000. 

The Hidro-Eléctrica do Douro, the society en- 
trusted with the development of this river, is now 
building the Miranda plant, which will have an in- 
stalled capacity of 156 MW and an average output of 
785 GWh. This site was also visited by the President 
of the Republic. 

The access roads to Bemposta, the last station to 
be erected on the Portuguese section of the inter- 
national stretch of the Douro, are already under con- 
struction. This station is expected to have an installed 
capacity of 210 MW and a mean annual production 
of 950 GWh. 





Correspondence 





Picote Station 


To the Editor, WATER POWER 

I have just received the April 1959 issue of WATER 
POWER and noted the excellent article on the develop- 
ment of the Douro River in Portugal. 

The Portuguese should not be denied any credit 
for their contributions to hydro-electric engineering 
and particularly to their original work in the field of 
arch dam design. However, in planning for the de- 
velopment of the Douro River and particularly in 
pointing out the great undeveloped power potential of 
the International Douro some mention should be 
made of the comprehensive engineering and economic 
study undertaken by Knappen-Tippetts-Abbett- 
McCarthy (now Tippetts-Abbett-McCarthy-Stratton), 
consulting engineers of New York, in the years 
1951-53. Other internationally known experts in the 
field of power economics, dam design and geology col- 
laborated with the regular staff of the engineers on 
the study. The final report involved a power market 
study of the entire country as well as a plan for the 


WATER POWER June 1959 


development of the Douro. The Portuguese govern- 
ment at that time was only interested in initiating 
work in the lower river, entirely within Portugal, and 
had overlooked the more economical projects pos- 
sible on the International Douro. Although a treaty 
existed which provided for mutual developments 
along the international boundary, historical difficul- 
ties with Spain and outmoded concepts of what con- 
stitutes military vulnerability had prevented the 
Portuguese from thinking in terms of an international 
development. As resident representative in Portugal, 
I was well aware of the strong opposition among 
water power engineers to transferring first priority 
from the National Douro to the International Douro. 

Engineers as a professional group are over-modest 
and permit politicians and others to take all the 
credit for engineering vision and fundamental eco- 
nomic analysis. When a group of outstanding 
engineers spends two years on a plan, which is finally 
adopted and recognised as sound and as contributing 
materially to the national welfare of a country, the 
credit for that plan should not be lost when admiring 
the structures recommended in the plan. 


GORDON R. WILLIAMS, 


Professor of Hydraulic Engineering, 
Massachusetts Institute of Technology. 
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Fig. 2. Quoich dam and reservoir 


The Garry and Moriston Developments 


A description of a co-ordinated hydro-electric scheme, in 

Glen Garry and Glen Moriston, Inverness-shire, in which 

some new civil-engineering techniques have been used for 
the first time in Britain 


PART ONE 


LEN GARRY is situated in Inverness-shire, 

€ scones 40 miles from the town of Inverness and 
25 miles from Fort William. The glen is approxi- 
mately parallel and adjacent to Glen Moriston and 
although the Garry and Moriston hydro-electric 
schemes have been promoted separately, construction 
work in both valleys has been carried out simultane- 
ously and both developments are now being operated 
as One group with a control centre at Fort Augustus. 
Before the North of Scotland Hydro-Electric Board 
was formed in 1943, there had been several earlier 
promotions of the combmed Glen Garry and Glen 
Moriston schemes but all of these were rejected by 
Parliament. In these earlier promotions, it was 
proposed to develop the Loch Quoich catchment 
towards the west so as to obtain the maximum head. 
with a power station on the shore of Loch Hourn at 
sea level. There had been a great deal of opposition 
to this proposal and the Board therefore decided to 
use Only the natural catchment area of the River 


WATER POWER June 1959 


Garry, thus sacrificing about 150 ft. of gross head. 

The development consists of a catchment, drained 
by the rivers Quoich, Kingie and Garry, harnessed to 
two main power stations, one situated near Tomdoun 
and the other at Invergarry. A rockfill dam at the 
eastern end of Loch Quoich forms a large storage 
reservoir by raising the level of the loch some 100 ft., 
whence water passes through an 11 ft. 6 in. equivalent 
diameter horseshoe section concrete-lined tunned 2} 
miles long to the upper power station. This water, 
together with that from the remainder of the catch- 
ment area, passes into a smaller reservoir formed by 
a small concrete gravity dam, built in the narrow 
outlet from Loch Garry, which raises the water level 
by about 20 ft. 

A concrete-lined 16 ft. 6 in. equivalent diameter 
horseshoe section tunnel leads from the dam to the 
lower power station at Invergarry. Both dams incor- 
porate small compensation sets, and a fish lock is 
provided at Invergarry. 
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Quoich Dam 

The Quoich dam, forming the main storage reser- 
voir for the scheme, is of rockfill construction with a 
reinforced-concrete upstream sealing membrane. 
Before a final design was adopted, several other types 
were considered and a rockfill proved to be the most 
satisfactory solution for three main reasons: cement 
was still in very short supply; tenders submitted were 
less than for a gravity dam; less shuttering was 
required and therefore fewer joiners were necessary 

The dam contains 386,000 cu. yd. of rockfill, of 
which about 100,000 cu. yd. came from the Quoich 
tunnel and foundation excavations, the balance being 
supplied from a quarry about } mile upstream of the 
dam. Fill was placed in 2 ft. deep layers, consolidated 
mechanically and washed down with water to obtain 
maximum compaction. An upstream membrane was 
adopted in preference to a central core wall because 
less rockfill was required and subsequent maintenance 
work is simplified if the seal shows any sign of 
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20 ft. by 20 ft. reinforced-concrete slabs, 15 in. thick 
at the deepest section of the dam and 12 in. thick for 
the remainder. The joints between the slabs have been 
sealed by copper strips, filled with a bituminous 
rubber compound, which are themselves protected 
against acid corrosion by the compound. The 
horizontal joints provide for hinging only, the 
inclined joints for opening, closing and hinging, and 
the joint adjacent to the cut-off wall for sliding, 
closing and hinging. 

The top of the dam is cambered in both elevation 
and plan, in an upstream direction, in order to coun- 
teract any settlement that there may be of the finished 
structure. In each case, the maximum offset is 1 ft. at 
the. deepest section or, in other words, one per cent. 
of the depth. Hand-packed rubble ranging from a 
thickness of 7 ft. at the base to 3 ft. at the crest 
provides a solid support for the upstream slab and 
absorbs any local settlement. 

Certain unusual precautions were taken during 
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Fig. 4. Arrangement of vacuum equipment for dewatering the concrete panels on the face of Quoich dam 
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Fig. 5. Upstream face of Quoich 


minimum. Excavated rock containing a high propor- 
tion of mica or hornblende was discarded and all 
material of less than 3 in. was removed from the fill 
before it was used in order to ensure contact between 
the pieces. The 2 ft. layers were placed at an upstream 
gradient of 1 in 24 and, in spreading the rockfill, care 
was taken to avoid the accumulation of single sized 
particles in any particular area. The upstream slope 
of rubble was constructed in 18 in. high steps retained 
by large blocks of stone and these steps were subse- 
quently incorporated in the hand-packed rubble 
which was placed after a minimum delay of three 
months. Most of the fill was put in position at a rate 
of 17,300 cu. yd. per month and a peak production 
of 30,000 cu. yd. was obtained on one occasion. 

A number of settlement and deflection-measure- 
ment stations were established in the dam and read- 
ings taken during construction showed a small and 
fairly uniform compaction as the level of rockfill rose, 
the maximum recorded being 0:7% of the depth 
placed. The construction of the upstream membrane 
was kept well below the level of the rockfill so that 
the major part of the compaction settlement had 
occurred before the concrete was placed at any level; 
since completion of the dam, any settlement has been 
negligible. 

A major problem arose in shuttering the inclined 
slabs used for the upstream face and this was solved 
by using a method little known in this country but 
more common in the U.S.A. This was, in fact, the 
first time that the vacuum concrete process had been 
used on a large scale in Britain. Vacuum concrete is 
material from which, after placing, some of the 
mixing water is extracted by suction. The principle 
is that to make a workable concrete that can be 
placed efficiently in moulds and around reinforce- 
ment, it is necessary to use much more water than 
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concrete membrane 


dam showing 


the quantity required to produce the strongest possible 
concrete. The shuttering was made up in 3 panels, 
each 2 ft. deep by 20 ft. wide. After setting side forms 
and placing reinforcement in position the first of these 
panels was laid at the bottom of the bay and filled 
with concrete. The second panel was then placed in 
position above it and whilst this was being filled with 
concrete in turn, suction was applied to the first panel. 
By the time the third panel had been filled it was 
possible to release the suction on the first and move 
this into position above the third. The concrete thus 
exposed was firm and required no further support. 
This leap frog process was repeated until the whole 
20 ft. bay had been concreted. On the average, a suc- 
tion head of 20 in. mercury was applied for a period 
of 40 min. The suction is usually effective to a depth 
of about 6 in. below the pads and the process is there- 
fore particularly suitable for slabs and facing blocks. 

A series of tests was carried out at Quoich dam, 
on an area of fifteen slabs, to determine the most 
efficient cycle of operation for the vacuum process. 
This structure thus became a proving ground for 
principles that may well be supplied to other rockfill 
dams of a similar nature which may be constructed 
in Britain in the future. Experience at Quoich showed 
that the process reduced the water/cement ratio by 
between 0:05 and 0:07. Further comparative tests 
were made on two batches of 6 in. cubes, one of 
which had been subjected to the process, the other 
being untreated. The former proved to be 20% 
stronger after 7 days and 4% after 28 days. 

Owing to the construction schedule, some siabs had 
to be concreted during cold weather and, to accom- 
plish this, the aggregates and mixing water were 
heated; placing was delayed until the air temperature 
attained 32°F. Despite this precaution, it was found 
that the vacuum pipes froze and that the process 
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Fig. 6. Quoich power station seen from across the river during construction 


should, if possible, only be used in normal tempera- 
tures with short vacuum pipes. 

Two culverts have been built at the base of the 
dam; the first of these has a free-rolling type gate. 
situated at the upstream end and housed in a tower 
from which a 120 ft. span footbridge gives access to 
the crest of the dam. At the downstream end, a 72-60 
in. needle valve is installed to control the discharge. 
A branch from the 6 ft. pipe in the latter culvert 
feeds the auxiliary turbo-generator. This horizontal 
Francis turbine was supplied by Gilbert Gilkes & 
Gordon Limited, and the generator contractor was 
Bruce Peebles & Co. Ltd. The unit, which has an 
induction-type generator, has a capacity of 350 kW 
and operates at 762 r.p.m. under a design head of 113 
ft. The turbine discharge provides the compensation 
water required. The other culvert has been closed by 
a blank flange and a single-faced sluice which is only 
used at lower water levels. A side-channel spillway 
305 ft. long has been built on the left bank of the 
reservoir, immediately upstream of the dam, and flood 


discharge is returned to the river through a concrete- 
lined channel. 

As the maximum water level of the reservoir is 
above the level of the divide between the catchments 
of the rivers Garry and Carnach, two very short 
concrete gravity dams have been built at the lowest 
point of the divide. 

Upstream of the main dam is the intake to Quoich 
tunnel formed by a deep approach cutting across 
which is fitted a set of screens, equipped with a clean- 
ing rake. Some distance further downstream, a vertical 
shaft has been sunk and this houses two gates manu- 
factured by Glenfield & Kennedy Limited. The down- 
stream gate is permanently housed just above the 
soffit of the tunnel and is normally used for complete 
tunnel closure, whereas the upstream unit is held in 
the gate house at the top of the shaft and is lowered 
only when the downstream gate is out of service for 
maintenance or repair. 

Between the intake and the surge shaft, the tunnel 
is horseshoe in cross section; of 11 ft. 6 in. equivalent 
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Fig. 8. Invergarry power station seen from Loch Oich. The road from Fort William to Inverness passes in 
front of the station 


diameter, 12,843 ft. long and concrete lined through- 
out. The surge shaft, of the orifice type, is 169 ft. deep, 
the top 40 ft. being 45 ft. in diameter and the remain- 
ing section, 30 ft. in diameter. At the bottom of this 
surge chamber, a 158 ft. deep and 11 ft. 6 in. diameter 
shaft has been driven to carry the water into the high- 
pressure tunnel, which is 1,440 ft.+ 820 ft. of pipe. 


Quoich Power Station 

The power station at Quoich is the only station in 
the two glens to have been built entirely on the 
surface. As in all hydro-electric schemes in Scotland, 
the building itself has been carefully designed to blend 
with the countryside and the result is very satisfactory 
from an aesthetic point of view. 

The power station is equipped with one 22 MW 
horizontal-shaft Francis turbine, manufactured by 
Boving & Co. Ltd., and operating at 300 r.p.m. under 
an average gross head of 312 ft. and a design head of 
255 ft. The annual load factor is 40% and the dis- 
charge at rated capacity and mean head is 1,034 
cusecs. The alternator, with a capacity of 23,155 
kVA, was supplied by the English Electric Co. Ltd., 
the main transformer capacity being 25,000 kVA. 

The turbine is designed for a maximum output of 
30,300 b.h.p., or 28,000 b.h.p. at the design head, and 
the maximum runaway speed is 580 r.p.m. The 
runner is constructed of a special nickel-aluminium 
bronze known as nikalium and was designed specifi- 
cally for the particular operating conditions at 
Quoich. It is provided with replaceable sealing rings 
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at the peripheral surfaces opposite to the stationary 
sections and is secured to the shaft by special studs 
and a key. 

The alternator is rated at 22,000 kW, 0:95 p.f., 
11 kV, and operates at 300 r.p.m. It is ventilated on 
the open-circuit system and has three main bearings 
on which are mounted the rotor and flywheel. The 
bearing at the turbine end includes two thrust bear- 
ings which take the two-way axial load from the 
turbine. Both the main and pilot exciters and the 
governor alternator are directly coupled to the alter- 
nator shaft. 

All centre and exciter end bearings are of th? 
Michell type, in which the shaft journal is carried on 
the babbitted surfaces of two pads which rest on the 
inner periphery of a semicircular cage mounted in 
the pedestal. A short axial line pivot on the back of 
each pad allows it to tilt circumferentially so that an 
oil wedge is formed between its surface and the shaft 
when the latter is rotating. 

The inner periphery of the pedestal cap is also 
lined with whitemetal and the cap itself is so shaped 
that it forms a reservoir. Normally this reservoir is 
kept filled, partially by oil which is carried round by 
the shaft and forced up a central chimney over which 
it spills into the reservoir, and partially by oil by- 
passed from the main feed pipe. An overflow pipe 
drains any excess oil from the reservoir to the well 
in the pedestal. Oil throwers and wipers are provided 
at each end of the bearing to prevent oil leakage 
along the shaft. 
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Although Quoich power station 
is at present controlled from a 
pushbutton panel in the turbine 
chamber, provision has been made 
for future conversion to full re- 
mote contro! when required. 


Invergarry Dam and Reservoir 

Loch Garry drains a catchment 
area of 147 sq. miles over which 
there is an estimated average an- 
nual rainfall of 101 in. The storage 
capacity is 825 m.c.f. with a maxi- 
mum flood level of 290 ft. O.D. 
and a spillway crest level at Inver- 
garry dam of 280 ft. O.D. 

Apart from being the smallest 
main dam in the combined Moris- 
ton and Garry developments, the 
structure at Invergarry is also the 
most curious in design, because 
the only site available was in a 
very narrow gorge at the juncture 
of the loch and the river Garry. 
The dam contains 6,300 cu. yd. 
of concrete and is provided with 
two lifting flood gates, two com- 
pensation-water turbines and a 
Borland fish pass; it has raised the 
water level by about 20 ft. and the 
maximum flood rise is 33 ft. A 24 
ft. equivalent-diameter concrete- 
lined diversion tunnel, 618 ft. long, 
was driven to discharge the floods 
from the side channel spillway. 
This was provided with a 174 ft. 
long free spill crest and situated 
on the north side of the dam. Dur- 
ing construction of the dam the 
tunnel was used to divert the 
river Garry. 

Two auxiliary turbines are provided to cater for 
summer and winter compensation water flows. One 
unit has a capacity of 285 kW at a turbine speed of 
230 r.p.m. and a generator speed of 760 r.p.m., the 
other 30 kW at 762 r.p.m., the design head being 
27 ft. in each case. Both turbines were manufactured 
by The Armfield Hydraulic Engineering Co. Ltd. and 
the induction generators were supplied by Bruce 
Peebles & Co. Ltd. 

The intake to the Invergarry tunnel is fitted with a 
complex system of screens having apertures small 
enough to prevent smolts being drawn into the tunnel. 
These screens require constant attention at certain 
times of the year and a rail-mounted gantry has been 
installed to simplify and accelerate lifting and clean- 
ing operations. A great deal of thought has been 
given to the problem of trash at this dam and 
although there have been some setbacks, it is 
probable that some efficient system will eventually be 
evolved requiring less manpower and inspection. 

Work on the conduit between the tunnel intake and 
Invergarry power station was undertaken in five 
sections, each having an equivalent diameter of 16 ft. 
6 in. The low-pressure stage is 14,033 ft. long, horse- 
shoe shape in section and concrete lined throughout. 
the high-pressure shaft being 91 ft. deep and circular 
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Fig. 9. The 20 MW English Electric Kaplan set in Invergarry power 


station 


in section, as also is the 800 ft. long length of tunnel 
between the shaft and the steel pipes leading into the 
station. The differential surge shaft is 107 ft. deep, 
with a 14 ft. 6 in. internal diameter riser inside a 
95 ft. diameter shaft. 

Even before Invergarry dam was built, passage 
through the gorge had always been difficult for fish. 
and it was found necessary to improve the access to 
the fish lock. Rocks on the south side of the gorge 
are unstable and, if interfered with, might block the 
channel on some future occasion, and so a small 
tunnel was driven through sound rock on the north 
bank, with six pools raising the water level in 12 in. 
steps. 


Invergarry Power Station 

Work on the lower Garry development began in 
1951 and the power station was first commissioned 
early in 1956. The station is semi-underground; an 
original scheme differed from the one finally adopted 
in several respects, because it was decided that the 
conditions would be better satisfied by a single unit 
rather than by the two originally envisaged. The 
station is unusual in that a vertical Kaplan of 28,000 
b.h.p. capacity operating at 250 r.p.m. has been used 
in conjunction with the relatively high average gross 
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Fig. 10. Invergarry transformer compound showing 25 MV A transformer 
and 125 kV line entry 


head, for this type of turbine, of 169 ft. and a design 
head of 146-4 ft. Both the turbine and the alternator 
were manufactured by the English Electric Co. Ltd. 

The low-level power station is situated on the 
north side of the Inverness-Fort William road, and 
the draught tube passes under the highway and dis- 
charges back into the river Garry through screens 
provided to prevent salmon entering the tailrace. The 
machine chamber is 60 ft. high from the turbine floor 
to the roof, 80 ft. long and 52 ft. wide. The trans- 
former compound is adjacent to the main road, along- 
side the station which has been built in poor quality 


East Kilbride Laboratory Changes Its 
Name 


The Council for Scientific and Industrial Research 
announces that in future the Mechanical Engineering 
Research Laboratory at East Kilbride, near Glasgow, 
will be known as the National Engineering Labora- 
tory. This is because the Council considers it desir- 
able to emphasise the national character of the 
Laboratory, which is part of the D.S.I.R. organisa- 
tion and is financed from public funds. It does not 
imply any change in the field covered by the Labora- 
tory, which will continue to be concerned with prob- 
lems of mechanical engineering. 


The Council has also decided to set up a Steering 
Committee to look after the programme of the 
Laboratory. As a result of a recent review of the func- 
tions and activities of the Laboratory, the Council is 
convinced that between the proper and reasonable 
activities of the universities and technical colleges on 
the one hand and research associations and private 
and nationalised industry on the other, there is an 
important place for a national establishment for re- 
search in mechanical engineering, mainly supported 
by public funds. The new Steering Committee will be 
under the chairmanship of Vice-Admiral Sir Frank 
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rock requiring a concrete facing. 
A cavity has been left between 
the facing and the brick panel 
walls to allow the collection of 
any seepage water. All parts of 
the building above ground have 
been very attractively faced with 
masonry. As.a result of the rela- 
tive elevations of the access road, 
inlet tunnel, turbine setting and 
tailrace, a somewhat unusual in- 
ternal design has been used in that 
the assembly bay is above the 
turbine inlet butterfly valve and 
extends to the alternator centre 
line. 

Interior lighting at Invergarry 
power station is provided by a 
system of fluorescent tubes fitted 
below the crane runway. The alter- 
nator is designed for open-circuit 
ventilation and it has therefore 
been necessary to install motor- 
operated air-inlet louvres in the 
station wall in front of viscous 
filters, and manually adjusted high-level hot-air out- 
let louvres. Filtered air drawn from the outside passes 
through the alternator and is then discharged into 
the station through apertures in the stator frame. 
Damper doors in the entrance of the air inlet duct are 
electrically operated to open when the unit is started 
and to close when it is shut down or if a fire occurs in 
the alternator. A thermometer and thermocouple are 
provided in the air inlet and outlet and both instru- 
ments are fitted with alarm contacts which close when 
the temperature rises to 45°C. and 65°C. respectively. 

(To be continued) 


Mason, K.C.B., M.I.Mech.E., M.I.Mar.E., who is a 
member of the Research Council and chairman of the 
outgoing Mechanical Engineering Research Board. 
The members of the Committee will be Professor 
O. A. Saunders, M.A., D.Sc., M.I.Mech.E., F.Inst.P., 
F.Inst.F., F.R.S.; Norman Elce, Esq., M.Sc.Tech., 
M.I.Mech.E.; Dr. D. G. Sopwith, C.B.E., D.Sc., 
M.I.Mech.E., Director of the Mechanical Engineering 
Research Laboratory; and Dr. C. M. Cawley, C.B.E., 
D.Sc., F.R.1.C. In order to assist the Director as the 
Laboratory expands and to improve and extend the 
links between the Laboratory and industry, two 
Deputy Directors have been appointed. They are Dr. 
S. P. Hutton and Mr. F. D. Penny. Dr. Hutton, who 
has been Head of the Fluid Mechanics Division, will 
have special responsibilities for fostering closer rela- 
tionships with industry, Mr. Penny for the manage- 
ment of the research programme. 





Tape Spooler. Ferranti Limited have developed a 
tape spooler for handling paper tape of any of the 
three standard widths—!} in., { in. and 1 in. It is 
intended primarily for use with Ferranti high-speed 
tape readers. A pamphlet, “Ferranti Tape Spooler 
All,” gives full particulars. 
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Measurement of Liquid Flow 
by Ultrasonics 


A detailed description of the principles involved in measuring 
flow by ultrasonics with particular reference to the potential 
of the ultrasonic flowmeter for measuring turbine efficiency 


By R. E. FISCHBACHER, B.Sc., A.R.C.S.T., A.M.LE.E. 


HE problem of measuring the flow rate of 

liquids, whether in closed pipes or in open con- 

duits, has long occupied the attention of engin- 
eers. Despite the considerable effort which has been 
devoted to the subject throughout the years the ideal 
flowmeter has not emerged. Nor is it likely to emerge. 
The requirements of different applications are so 
diverse that it is unlikely that they can ever be recon- 
ciled in a single instrument. 

Where the flow to be measured is in enclosed pipes, 
there is a need for a reliable flowmeter which will 
measure the flow of any liquid while being indepen- 
dent of its characteristics and providing no obstruc- 
tion in the pipe to impede free flow. Where the flow 
is in open conduits, obstruction to flow may be of less 
importance provided the obstruction is not great, but 
reliability and robustness with little or no attention 
are important. 

In both cases the effect of velocity profile is im- 
portant, and ideally the indication should be inde- 
pendent of this factor. 

In recent years the science of ultrasonics has been 
applied to the measurement of flow, and a number 
of schemes have been successfully developed. chiefly 
in U.S.A., both for measurement in pipelines and in 
open conduits or estuaries. 


Principles 

Essentially all schemes compare the velocity of 
flow with the velocity of propagation of sound in the 
fluid. Since this velocity is not constant, but is 
dependent upon temperature and pressure as well as 
upon the constituents of the fluid, the indication of 
the instrument may also be affected by these varia- 
tions unless precautions are taken to prevent it. 

If two ultrasonic transducers are placed in a fluid 
as in Fig. 1, then the time taken for a pulse of sound 
emitted from one to reach the other is 
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Fig. 1. Simple ultrasonic flowmeter 
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where d is the distance apart, and c is the velocity of 
propagation of sound in the fluid. Should the fluid be 
flowing in the direction of propagation with velocity 
v, the time of transit will be reduced to 

a 

ctv 

Since c is in the region of 1,500 m. per sec. and 
is normally very much greater than v, ¢, will not differ 
greatly from ¢,. Furthermore, owing to the variations 
of c which may be caused by temperature and pres- 
sure, f, is not a stable quantity. Any attempt to derive 
v from these two transit times is not therefore likely 
to prove accurate. 

.Note, in passing, that the transducers will not in 
practice protrude into the flow, but will be set into 
the pipe or conduit wall. Fig. 2 illustrates one prac- 
tical method. 

A more satisfactory variant is provided if a second 
transducer is placed upstream of the transmitting 
transducer, also spaced by d from it. The time taken 
by the sound pulse in travelling to the upstream trans- 
ducer is 


fi 


d 


aaa 

If the difference between the times of arrival of the 
upstream and downstream signals is measured, we 
have 


2dv 
"i 
where v is very small compared with c. 

This is a practical system, provided due account 
is taken of the c* term in the denominator. An exten- 
sion of this system to the use of continuous waves 
rather than pulses can be made if the phases of the 
signals arriving at the two receivers are compared. 
2wdv 

© 
angular frequency of the signal. 
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The phase difference Ag= where w=2zf is the 
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Fig. 2. Practical transducer arrangement 
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Fig. 3. Oscillating loop system 








To eliminate the effect of c in the above expressions, 
an alternative system has been developed. This is 
illustrated in Fig. 3. 

Consider a pair of transducers as before. A pulse is 
emitted from the transmitter to a receiver downstream. 
The pulse is received after time ¢,, is amplified, and 
virtually instantaneously fed back to the transmitting 
transducer for retransmission. A pulse is therefore 
emitted every f, seconds; that is, a train of pulses is 
emitted of frequency 

| ctv 
fi 
fi d 

Another train of pulses is generated by another 
transducer pair operating in an upstream direction at 
a frequency 

l c-v 
fs te d 

It is a simple matter to extract the difference or beat 
frequency 
2v 

Af =f, -f.= a 
which is seen to be independent of c. We shall refer 
to this system as the oscillating loop system. 

A third system which has been employed depends 
upon the deflection of a narrow beam of ultrasonic 
waves by the flow. The well-defined beam is directed 
from a suitable transmitting transducer across the flow 
to a differential transducer in the opposite wall of the 
pipe or conduit (see Fig. 4). When there is no flow, 
the beam is received equally by the two halves of the 
differential receiver. When flow occurs the beam is 
slightly deflected downstream by a distance 

_dv 
¢ 
and the signals received by the two halves of the re- 
ceiver are no longer equal. The signal incident on the 
downstream half increases while that on the upstream 
half decreases. 

Where the pipe diameter d is small, appreciable 
deflection of the beam can only be obtained at very 
high flow rates. It might appear that if the pipe dia- 
meter or conduit width were large enough, adequate 
deflection could be obtained at low flow rates, but it 
must be remembered that the beam produced by the 
transmitter is not exactly parallel. but will diverge 
slightly, and that its passage along a considerable 
path length in the medium may impair beam defini- 
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Fig. 4. Beam-deflection system 


tion. This will in turn adversely affect the operation 
of the differential receiver. 


Limitations 

The principles outlined above indicate the basic 
mechanism of several versions of the ultrasonic flow- 
meter. There are. of course, the usual practical diffi- 
culties to be encountered in realising the results pre- 
dicted by the simple theory. In the case of the beam 
deflection system one of the limitations has already 
been outlined—namely that of the flow rates to which 
it is applicable. 

Consideration of the values obtained for the beat 
frequency in the oscillating loop system also shows 
that if very low beat frequencies, such as fractions of 
a cycle per second, or a few cycles per second, are to 
be avoided, either the flow rate has to be very high 
or the pipe diameter must be small. Taken alone, this 
may not constitute an overwhelming difficulty, but 
there are other problems to be discussed later. 

The phase-difference system above permits scaling 
to different flow rates and pipe dimensions. The phase 

o , 
difference za contains a frequency term » as an 
additional variable. For accurate measurement of 
phase the full-scale phase difference should be as 
close to 27 as possible. For any given pipe size and 
maximum flow velocity. the frequency employed can 
be varied to give the required phase difference. In this 
respect the phase difference scheme is more adaptable 
to low flow rates. 

The two main contenders for low flow-rate measure- 
ment are the oscillating loop and phase-difference 
systems. In the form in which they have been con- 
sidered there is one severe practical problem. In the 
derivations of the expressions on which they depend 
it has been assumed that the value of c. the velocity 
of sound propagation is invariant. Suppose that c is 
not the same in the two paths and that the velocity 
in one path is c while in the other path it is c+Ac. 

The transit times are now 
e d 

c+Act+y 
d 
t= 
c-% 

In the case of the time or phase difference systems, 

the time difference becomes 
Ac 
4, 


2d/v 
At=t, - t= “( +4 
c c 
Zod "4 as =) 
c Cc 2 Cc 


and the phase difference 
Ao = 
Since v/c is a very small quantity in the low flow 
condition, Ac/c need not be large to contribute a con- 
siderable error. 
The implication of this is that unless propagation 


t= 
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conditions in the two paths are identical, appreciable 
errors may occur. If v/c is 10~*, Ac/c need only be 
of the order of 10~* to cause 5% error. 

To ensure that path conditions do not differ appre- 
ciably, it has in some cases been arranged that the two 
paths are side by side in the pipe. The transmitter for 
one path and the receiver for the other are located 
together in one wall of the pipe and their counterparts 
in the opposite wall. While this arrangement ensures 
that the two paths are close to each other, there are 
disadvantages when the ultrasonic attenuation is small, 
as in water, because reflections from the opposing 
transducers may cause energy from a transmitting 
transducer to fall on the receiving transducer along- 
side it, despite any measures to prevent direct coupling 
of energy between the two. This constitutes coupling 
between the two independent parts of the system and 
will cause errors. 

It would be logical to use only one path, thus 
eliminating any differences due to two separate paths. 
Schemes to do this have in fact been used. The sim- 
plest of these consists of making a measurement of 
time or phase difference between a single pair of trans- 
ducers with the signal passing first in one direction. 
and then reversing the direction of signal and making 
a measurement of time or phase difference in this 
reverse direction. The difference between the stored 
first reading and the second gives an indication of 
the flow velocity. In this case the measurement is 
made over the same path, but at slightly different 
times. An alternative possibility is to emit pulses of 
energy simultaneously from the two transducers, and 
while the pulses are in transit through the fluid to 
change the role of the transducers from transmitters 
to receivers. The two pulses will then be received at 
slightly different times since one is going upstream and 
one downstream, the time difference being a measure 
of flow velocity. In this case the pulses have traversed 
different parts of the flow path at different times, but 
since propagation velocity is very high they can be 
regarded as being virtually simultaneous in time and 
common in path. 


Corrections 

It will be noted that in two of the systems described 
the indication of the system is affected by the velocity 
of sound c. It has also been pointed out that the 
velocity of sound in a liquid is not constant, but is 
dependent upon temperature, pressure and constitu- 
ents of the fluid. 

If the readings of these systems are to be indepen- 
dent of sound velocity then correction must be made 
to take account of changes in this parameter. If c can 
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Fig. 5. Swengel, Hess and Waldorf's system 
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be measured directly, correction can be made by 
simple analogue computational methods. 

The method made use of in the beam deflection 
system depends upon the fact that the acoustic im- 
pedance of a radiating surface is proportional to pc, 
the product of the density and the velocity of sound 
in the fluid into which it radiates. This impedance 
is allowed to control the amount of energy radiated 
by the transducer, and the strength of the received 
signal is then proportional to pc as well as to the beam 
deflection. The output of the system is therefore 

F=k “ * pe 
Kdpv 
where & is a constant of the system. 

It will be noted that this is proportional to mass 
flow pv, and is independent of c. 

In the case of phase and time difference systems, 
the transit time in one direction is 

d 
{= 

c - Vv 
Where the flow rate is slow, i.e. v is very small com- 
pared with c 


Since d is fixed, c can be derived from this expres- 
sion and used for correction. Where greater accuracy 
is required, the sum of the upstream and downstream 
propagation times 
d d 


2de 2d 
ctv c-v C’-v" ¢ 


t.+t.= 


can be used. 

An alternative possibility is an arrangement where- 
by d varies directly as c*; d/c* then becomes a con- 
stant term. This is a feasible solution. 


Effect of Velocity Profile 

Since the velocity of flow will not be uniform across 
the section of the pipe or conduit, some consideration 
has to be given to the effect of this on the meter. 

The ultrasonic beam takes a substantially linear 
path across the pipe, and the beam deflection or time 
delay is integrated linearly across the pipe. On the 
other hand, the volume of fluid flowing at any given 
velocity is dependent upon the cross-sectional area of 
the annulus of fluid flowing at that velocity; that is, 
it is a two dimensional effect. Therefore, although 
the ultrasonic flowmeter reading takes some account 
of velocity profile it does not correct completely for 
it. Some calibration will therefore be necessary. Work 
carried out by Kritz' suggests that after initial cali- 
bration good accuracy can be maintained over a wide 
range of Reynolds’ number. 


Applications in the Hydraulics Field 

A variant of the phase difference system has been 
employed by Swengel, Hess and Waldorf’ for the 
measurement of flow in hydro-electric turbine testing. 
The conduit in which measurements were made was 
25 ft. deep and 16 ft. wide. In order to average results 
over the profile, a new transducer was developed, con- 
sisting of a } in. diameter stainless steel rod which 
traversed the conduit at an angle, and was arranged 
to radiate ultrasonic energy down the pipe across the 
whole profile. A second rod downstream acted as 
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receiver, and the roles of the two transducers were 
periodically reversed (see Fig. 5). The phase differ- 
ences in the two directions were measured and used to 
derive the flow rate. Accuracy better than 1% was 
claimed in laboratory tests on small scale models with 
straight flow sections. 

Knapp’ describes an oscillating loop system applied 
to water flow in large conduits. Here the transducers 
were mounted in opposite walls of the 10 m. wide 
conduit. The results obtained agreed to within 0:°8% 
with those obtained with propeller-type flowmeters. 

In a series of tests on a laboratory model where 
disturbed and asymmetric flow conditions could be 
simulated, errors recorded were of the order of 1%, 
except where the equipment was being used toward 
the bottom of its range, where the errors increased 
slightly. 


Future Possibilities 

The ultrasonic flowmeter is as yet in its infancy 
and has only emerged in a practical form in the last 
few years. Its applications and problems are begin- 
ning to be understood more clearly and with that 
understanding a clearer idea of its potentialities will 
appear. Development is continuing in the United 
States of America, in Europe and in this country, both 
in the fields of hydraulics and that of process industry 
flow measurement. 

In the hydraulics field, the work of Knapp shows 


Volta River Reassessment Report 


Under an agreement between President Eisenhower 
and Mr. Nkrumah, Prime Minister of Ghana, the 
Henry J. Kaiser Company sent a technical team to 
Ghana last autumn, and a Reassessment Report was 
submitted to the Government of Ghana by the Henry 
J. Kaiser Company at the end of February 1959. 
Basically, this report recommends that the main dam 
site should be moved to Kosombo (about a mile south 
from the original site at Ajena), and proposes that a 
generating plant with an installed capacity of 768 
MW should be built there at an estimated cost of 
£55,700,000 (January 1959 prices). It is considered 
that the Kosombo dam and power plant could be con- 
structed to deliver initial power in 54 years after the 
decision to proceed with the project. This includes 14 
years for engineering and 4 years for construction. 
The proposed initial installation would comprise four 
generators of 128 MW capacity each, with two to be 
installed later as required. An additional low-head 
dam and power plant is considered feasible at Kpong 
Rapids with installed capacity of 140 MW. Utilising 
the controlled flow from the main dam, this develop- 
ment would add a continuous power supply of 113 
MW to the system. This plant would be constructed 
after all installations at Kosombo, at an estimated 
cost of £15,500,000 based on January 1959 prices. 

The dam and power development at Bui is con- 
sidered to be feasible and economic. It would be built 
as a future addition after the installations at. Kosombo 
and Kpong to provide 93 MW of average power 
capacity to the national system as required. It is 
estimated that the cost of this installation, including 
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that useful accuracy can be obtained with a particular 
system, which is, no doubt, capable of further 
development. Development at present under way in 
this country appears likely to yield, in the near 
future, a simple submersible probe-type ultrasonic 
flowmeter which may be used as a portable instru- 
ment, or whose probes may be permanently installed 
in the flow in the manner of the pitot tube, without 
danger of altering calibration or clogging up. A simi- 
lar portable device whose transducers may be 
clamped on the outside of a pipe to indicate internal 
flow velocity also appears to be a possibility. 

It seems, therefore, that the ultrasonic flowmeter 
may in the future make its presence felt more widely, 
both in the hydraulics world and in the process indus- 


try. 


Acknowledgment 

This article is published by kind permission of the 
Council of the British Scientific Instrument Research 
Association. 


REFERENCES 

1 J. Kritz, “An Ultrasonic Flowmeter for Liquids,” Proc. 
Inst. Soc. Amer., 1955, Vol. 10, pt. 1. 

2 R. C. SWENGEL, W. B. HEss AND S. K. WALDorF, “Prin- 
ciples and Application of the Ultrasonic Flowmeter,” 
Trans. A.1.E.E., pt. 3, April 1955. 
C. Knapp, “Geschwindgkeits- und Mengenmessung stro- 
mender Fliissigkeiten mittels Ultraschalls,” Voith Fors- 
chung und Konstruktion, No. 3, August 1958. 


a 


the transmission link to Kumasi, could be constructed 
for £25,500,000 (January 1959 prices). 

The report estimates that the cost of a general 
power supply delivered from the Ghana transmission 
network would range from an initial 0°609d. per 
kWh to 0:524d. per kWh under full development. This 
contrasts with present 1-99d. per kWh fuel and oper- 
ating cost of diesel generating plants. Estimated cost 
of power to the aluminium industry would range from 
an initial cost of 0-222d. per kWh to 0-173d. per kWh 
under full development. Basically, this means that the 
reassessment of the engineering aspects of the project 
indicates that more power could be generated from 
the Volta than was anticipated originally, and at a 
lower cost. 

In view of the favourable nature of the Kaiser Re- 
port and in keeping with the Prime Minister’s original 
approach to President Eisenhower, the Government 
ot Ghana has requested the Government of the United 
States to continue its efforts to interest aluminium 
companies in using power from the Volta, and in ad- 
dition to seek to interest other possible large-scale 
users of such electricity. It is appreciated that this is 
a large and difficult task, and a number of months 
will be required before any results can be expected. 

In the meantime, the Government of Ghana has 
decided that certain preliminary works at the dam 
site should be undertaken without delay. Briefly, the 
scope of this work will cover foundation exploration, 
determination of site conditions, determination of 
basic design of dam and power plant, the construction 
of access roads, the construction of some housing at 
the dam site, and construction mobilisation planning. 
The Government has now signed an agreement with 
Kaiser Industries to carry out this work. 
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Fig. 1. Outline of the main storage reservoir on the Malta 


Plans for the Drau Basin 


An outline is given of future projects contemplated by 
Osterreichische Draukraftwerke A.G. (ODK) 


By Dr. 


HE second Nationalisation Law of 1947, on 
T which the public electricity supply in Austria is 

based, made provision for the establishment of 
the ODK with a view to developing the south-eastern 
part of the country. In regard to the largest river in 
the area, the Drau, extensive planning and construc- 
tional work had already been undertaken in the time 
of the Third Reich. As a result of the peace treaty 
concluded after the Second World War the frontier 
was changed in such a way that only two sites on the 
Drau stages remained in Austria—the Schwabeck and 
the Lavamiind, while the Unterdrauburg and Mar- 
burg a.D. which were under construction at the end 
of the war, fell to Yugoslavia. 

The Schwabeck plant was built in accordance with 
the plans of Professor Grzywienski and completed in 
1943, comprised three generating units and had an 
overall capacity of 60 MW and a power production 
of 350 million kWh per annum. Until the completion 
of the Glockner-Kaprun Tauern plant it was used for 
maintaining frequency in the entire Austrian inter- 
connected network. 

The second Austrian plant, Lavamiind, was put into 
operation with two generating units in 1945; the third 
generator was insté led and put in operation in 1949 
by the ODK. The generating capacity of this plant 
amounts to 24 MW, yielding a power production of 
138 million kWh in a normal year. It is of interest to 
note that this plant was designed as a pier plant, that 
is, the customary power house was dispensed with 
and the generating units are distributed within the 
various piers. This method of constructing a hydro- 
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electric plant stems from Dr. Grengg, professor at 
the Institute of Technology, Graz. 

The power plants which Austria possessed after 
the termination of the war were predominantly run- 
of-river plants. In order to be in a position to provide 
peak energy, the ODK was entrusted with construct- 
ing the Reisseck-Kreuzeck group of power plants 
which is now nearing completion. This scheme, which 
will have a capacity of 132 MW, yielding an annual 
production of 348 million kWh, has already been 
described in this journal (February 1954). 

After its establishment the GDK took over the 
Voitsberg thermal plant, which at that time was 
equipped with two generating units of 20 MW each 
and enlarged it by adding a third unit. In addition, a 
second thermal plant was built having a capacity of 
65 MW, which at present is the largest unit that Aus- 
tria possesses; the live steam temperature is 986°F.: 
it has double reheating and is designed for a pressure 
of 1,572 Ib. per sq. in. at the turbine intake. 

To utilise the lignite deposits in Carinthia, which 
are estimated at 70 million tons. the GDK was 
charged in 1949 to erect a thermal power plant at 
St. Andrii having a capacity of 67-5 MW. This plant 
is now being enlarged by the addition of a steam 
driven generator of 110 MW capacity. 

Thus the GDK is approaching the completion of 
the tasks originally entrusted to it and is now project- 
ing further developments. These include the construc- 
tion of run-of-river plants along the Drau not yet 
utilised. and the construction of a peak power plant 
for which plans have already been worked out. 
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Furthermore. the erection of an 
additional thermal power plant 
located on a mine site at Fohns- 
dorf, Styria, is envisaged. 

Fig. 1 shows the area in which 
the ODK WAG plants are situated. 
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as thawing sets in there much ear- 
lier than in the northern parts of 
Austria. Under the outline plan 
for the utilisation of the Drau for 
power production the following 
stages are envisaged: 

The Edling stage. which is 
nearest to the existing Schwabeck 
plant is the first to be scheduled 
for execution. On the basis of 
hydrological investigations an 
average annual water flow of 
9,600 cusecs has been established 
for the catchment area of 4,100 
sq. miles per annum. The turbines 
will be designed for a utilisable 
flow of 14,200 cusecs. With a net 
head of 59-5 ft., an annual pro- 
duction of 360 million kWh may 
be expected. For the chain of 
plants on the Drau a continuous 
storage Operation is planned. At 
Feistritz in the Rosental a storage 
area of about 1-35 sq. miles can 
be formed. 


Inner Malta _ Valley - Kolbnitz 

Project 

Figs. 1 and 4 show the site 
where the plant is to be erected, 
as well as the interconnecting 
watercourses. Near Spittal a.d.D. 
the Lieser joins the Drau; a 
tributary of the Lieser is the 
Malta. Fig. 4 shows that several 
rivulets, among them the Géss, discharge into 
the Malta. The upper Malta valley offers very favour- 


TABLE I.—PROPOSED PLANTS ON THE DRAU 


Installed Annual 

Plant capacity production 

MW million kWh 
Edling ee Sek ich aes 70 360 
Annabriicke : ; Pee 49 260 
Dullach gaa. het: wlete 26 135 
Ferlach ee A a 26 135 
Hollenburg foe eee ccs 26 135 
Feistritz/Rosental ; ST 280 
Rosegg Mon ae Pay des 25 125 
St. Martin : Set 35 170 
314 1.600 
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Fig. 2. Map of the Drau basin showing sites of the proposed 
developments 





Fig. 3. Outline of auxiliary reservoir with main dam in the background 


able hydraulic conditions. At an altitude of 4,920 ft. 
the annual precipitation amounts to about 54 in. per 
annum, and at 9,840 ft. about 91 in. per annum. In 
the higher altitudes 40% to 90% of this precipitation 
falls in the form of snow. Also the geological and 
topographical conditions are very favourable for the 
creation of a storage reservoir. For these reasons the 
region in question has aroused great interest among 
power economists who have long been convinced that 
the Malta valley is a very suitable site for the con- 
struction of a large reservoir which, when the water 
is utilised at Kolbnitz in the MOll valley, will com- 
mand a high head. The project elaborated by the 
ODK in recent years makes provision not only for 
the utilisation of the Malta but also of its southern 
tributaries, among which are the Géss rivulets. 


Fig. 4 shows the projected plant to consist of the 
following components : — 
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Fig. 4. Map of the Inner Malta Valley-Kolbnitz project 
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1. A main storage reservoir with a net storage 
capacity of 126,000 acre-ft. equivalent to an energy 
value of 417 million kWh. The natural catchment 
area was ascertained to amount to 19-5 sq. miles and 
the area to be submerged to be 530 acres. The maxi- 
mum water level has been fixed at 6,187 ft. above sea 
level and the minimum water level to be 5,800 ft. In 
designing the dam, shown in Fig. | (left) and the 
background of Fig. 3 the principle of the multiple 
equiangular wall was followed, the characteristic 
feature of which is that the radius decreases towards 
the bottom while the angular width is maintained 
equal as far as possible on all levels. The crest of the 
dam, at an elevation of 6,190 ft. will have a length of 
1,780 ft. and the maximum height of the dam will be 
590 ft. 

2. A headwater tunnel 1-45 miles long with a dia- 
meter of 10-6 ft. which conveys the water to the 
Upper-Stage plant. 

3. The Upper-Stage plant is located at the foot of 
the auxiliary reservoir mentioned under (4) and has 
a mean capacity of 30 MW and a maximum capacity 
of 40 MW. The rated utilisable flow will be 1,060 
cusecs the mean gross head 410 ft. and the mean net 
head 375 ft., the mean energy factor being 0-008 
kWh per cu. ft. Here not only is the water of the main 
storage reservoir utilised by the auxiliary reservoir 
mentioned under (4), but water is also pumped into 
the main reservoir. 

In the Upper-Stage plant four vertical generating 
units each of 10 MW (12-5 MVA, 10 kV) with pump- 
turbines will be installed. A transformer of 50 MVA 
steps up from 10 to 110 kV. 

Pumping in the Upper Stage is designed for a mean 
delivery of 800 cusecs for a mean static lift of 470 ft. 
and a mean pumping capacity of 40 MW. The mean 
energy factor is 0-014 kWh per cu. ft. 

4. The auxiliary reservoir has a storage capacity 
of 4,000 acre-ft. Its energy value amounts to 12 mil- 
lion kWh; its maximum water level has been fixed 
at 5,620 ft. and its minimum level at 5.550 ft. The 
natural catchment area extends over 2-7 sq. miles, or, 
including the river diversions, over 11 sq. miles. The 
area to be submerged amounts to 75 acres. 

As Fig. 4 shows, the reservoir is created by the con- 
struction of an arch dam and of a small auxiliary 
dam. The dam will be designed as a gravity arch dam 
with a crest length of 575 ft. and a maximum height 
of 180 ft., the crest level being at an elevation of 
5,620 ft. The auxiliary dam, which has a similar crest 
level, has been designed as a gravity dam with a crest 
length of 230 ft. and a maximum height of 650 ft. 

5. The pressure tunnel 6-5 miles in length has an 
inside diameter of 10-5 ft. and leads to the Gésskar 
compensating basin (cf. item 6). Into this pressure 
tunnel several rivulets are also diverted. 

6. The Gésskar compensating basin has a natural 
catchment area of 3-9 sq. miles, or if the various 
water diversions are included, extends over 7:15 sq. 
miles. The maximum water level. which is at the 
same time the pumping head, has been fixed at 5,600 
ft. above sea level. 

The dam will be of the cylindrical form, 115 ft. 
high. Its radius of curvature will be 755 ft. and its 
crest will be at an elevation of 5,600 ft. The 500 kVA 
transformer to be mounted there is fed by the Upper- 
Stage plant and transforms to low tension. 
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7. The 6-2 mile pressure tunnel has an inside dia- 
meter of 11-6 ft. and runs from the compensating 
basin to the surge tank. Several rivulets are diverted 
into this tunnel and diversion of the Lieser, which 
thus far has not been planned, may also be 
considered. 

8. The surge tank has been designed as a two- 
chamber construction. 

9. The pressure shaft leading to the Main Stage 
will have an inside diameter from 8-5 to 7-9 ft. and 
will consist of a steep section 5,740 ft. long, and a 
flat section 1,310 ft. long. 

10. The underground power station of the Main 
Stage will have a rated capacity of 265 MW, based 
upon a utilisable water flow of 1.060 cusecs, a mean 
gross head of 3,620 ft. and a mean net head of 3,460 
ft. Three horizontal generating units, of 100 MVA 
each, will be installed, and will be connected solidly 
with transformers which step up to 220 kV. For two 
of those three generating units pumps with starting 
turbines and clutches are envisaged. The power plant 
will be reached through an access gallery 1,650 ft. 
in length. 

11. A tailwater tunnel and canal will convey the 
spent water to the Mdll. 

12. The intake in the MOll valley will have a maxi- 
mum water level of 1,960 ft. and will consist of a 
settling tank with the necessary transfer pumps and 
transfer pipes to the underground power house. 

The transfer pumping plant has been designed for 
a maximum capacity of 1,430 cusecs for a 33 ft. 
mean static lift and 1:8 MW mean pumping capacity; 
the mean energy factor is 00014 kWh per cu. ft. 

13. The electrical facilities for energy transport 
will comprise a 110 kV underwater cable which is to 
be laid in the pressure tunnel and is to run from the 
Upper-Stage plant to the surge tank; a 110 kV under- 
ground cable over the steep slope to an outdoor sub- 
station; an outdoor substation for stepping up from 
110 kV to 220 kV; and oil-filled cables between the 
220 kV busbars of the underground power plant and 
the outdoor substation. From the outdoor substation 
a double 220 kV transmission line with bundled con- 
ductors will run through the middle section of the 
MOll valley to the Lienz transformer station. 

The division of the plant into an Upper Stage and 
a Main Stage has been prompted by the following 
reasons. The pressure tunnel is considerably relieved 
by the auxiliary reservoir and the Upper-Stage plant, 
and further considerable relief is also afforded by 
creating the Gésskar compensating basin, the head- 
water conduit and the surge tank. This arrangement 
creates the possibility of diverting many small streams 
which would otherwise run to waste, and the division 
of the project facilitates the construction work in as 
much as it makes it possible to adapt the building 
programme more readily to the capital available. 

In case of a one-stage plant the internal pressure 
in the headwater tunnel would run up to 357°5 Ib. per 
sq. in., which would require costly steel linings where 
the rock cover is thin or the rock fractured. In the 
two-stage plant. however, the internal pressure is only 
114-4 Ib. per sq. in. so that whereby the extent of in- 
sufficient coverage is greatly reduced and a steel lining 
only required in the immediate neighbourhood of 
slopes. 

(Continued on page 231) 





Fig. 1. Cordtex layout for a shot at the Waipapa hydro-electric project 





Paddock Blasting in New Zealand 


A technique is described for blasting relatively large areas 
to comparatively shallow depths, which has been widely 
used by the New Zealand Ministry of Works 


By G. J. HALLEWELL, A.M.L.C.E., A.M.1.Struct.E , 
Chief Construction Engineer 


ADDOCK blasting is used for rock excavation 
Pina is descriptive of the method adopted. It means 

blasting of relatively large areas of shallow depth 
to produce material for excavation by mechanical 
equipment. The method has been used extensively in 
New Zealand by the Ministry of Works, which has 
now accumulated a considerable volume of experi- 
ence in this work. The method has been developed 
from the need to keep relatively small mechanical 
shovels in full employment in restricted areas, and 
has been derived to suit available equipment and 
explosive materials. Probably it differs little from 
methods used in other countries except for extensive 
use of cordtex. 

Mainly because of bridge weight limitations and 
railway clearance gauges the largest shovels that can 
be moved in New Zealand without major dissembly 
are of } cu. yard capacity. The largest shovels in 
general construction use, of 24 cu. yard capacity, 
have to be stripped to be moved, and therefore are 
used on the larger jobs only. The size of excavator 
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meant that a working face between 10 ft. and 20 ft. 
high gave best loading conditions and dictated depth 
of blast-holes. This depth in turn was beyond the 
reasonable capacity of jackhammers and made 
wagon drills necessary. In suitable rock, blasting has 
produced a product removable by scrapers direct plus 
pushers. 

Up till recently wagon drills have been moved by 
manpower, light tractor or winch, and have mounted 
34 in. drifters using 1} in. round steel forged in a 
single length with leyner lug shanks and taper fitting 
bits. Most wagon drills had 10 ft. slides and about 
9 ft. steel changes. To drill a 15 ft. hole, an 18 ft. and 
a 9 ft. steel would be required. As an 18 ft. steel was 
as much as one man could handle, this limited the 
normal depth of hole to IS ft. 


Tungsten-Carbide Bits 

Both tungsten-carbide bits or throw-away one-use 
bits were used, depending on the rock conditions. In 
broken soft ground throw-away Simplon bits gave 


WATER POWER June 1959 


























cheapest and best results, but in harder rock where 
9 ft. could not always be obtained with a single 
throw-away bit tungsten-carbide bits were often used. 
The bulk of drilling for paddock blasting, however, 
has been with tungsten-carbide bits. 

Drilling of blast holes has always been the weakest 
link in paddock blasting, as trouble has been experi- 
enced at various times with types and sizes of bits, 
method of fitting on the tapers, type and treatment 
of the various alloy steels experimented with, and 
getting stuck steels out of the ground. Each new job 
brought up these separate problems in a new form 
which needed to be overcome. 


Crawler Drills Praised 

At present the New Zealand Ministry of Works is 
satisfied that the most suitable drilling equipment is 
the crawler-type wagon drill moving on air-powered 
tracks and capable of towing a 600 c.f.m. compressor. 
These new drills mount 44 in. drifters requiring a lot 
of air, but are capable of an equivalent amount of 
work, and can clear very deep holes provided there 
are adequate centre holes, of, say, 7/16 in. or even 
4 in. diameter, in the hollow drill steel. 

This has been very evident at the Ohakuri power 
project where the silicified breccia has pockets of 
unsilicified soft material which blocks conventional 
wagon drills very easily when boring wet, but through 
which the track drills, boring dry, pass with the 
greatest ease. One track drill will outdrill four or five 
conventional wagon drills. 

The new track drills have their problems, too, and 
operate most successfully with coupled steels. The 
coupled steels are threaded and joined by standard 
sockets and the special leyner shanks. The special 
bits are adapted to the same thread. Ten-foot steels 
are the standard length used. 

Both the 600 series thread and the 14 in. rope thread 
have been tried with 14 in. diameter leyner shanks 
and tungsten-carbide bits with female thread and in 
sizes from 23 in. to 3} in. The diameter of the sockets 
limits the minimum size of bits. 

American 1} in. hexagon carburised drill steel has 
been used very successfully, and based on this experi- 
ence all forging or turning work is being avoided by 
the use of jointed steels purchased fully manufactured. 
The use of alloy steels and the impossibility of getting 
skilled blacksmiths has made this almost essential 
now. An alloy steel capable of being machined is 
found equal to the carburised steel. 

With these heavier drills threaded bits are favoured 
rather than the tapered-connection type, which, how- 
ever, are reasonably satisfactory with the lighter 
drifters and 2} in. tungsten-carbide bits. These heavier 
drills can drill to 50 ft. but paddock depths of 15 ft. 
to 20 ft. are still preferred, as they produce a rock 
pile not too high for the shovels to work safely and 
easily. For best working conditions the rock pile 
should not be higher than the shipper shaft. 

The powered movement and powered positioning 
and moving of the drifter and slide in these track 
drills is extremely convenient in practice, and an abso- 
‘ute necessity with the heavier equipment now used. 

In hydro-electric work excavation to accurate 
dimensions and levels is frequently essential. Often 
cach cubic yard of rock excavated beyond specified 
‘nes has to be replaced by a cubic yard of concrete. 
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Even more important, rock outside the neat lines 
must not be disrupted. This accuracy of excavation 
has been best met by paddock blasting with each 
batter line accurately set out with surveying instru- 
ments and each shot-hole position closely located. 
In addition, depths of holes need survey control to 
produce good working conditions on the lower bench 
or to prevent damage below grade. Where possible 
datum lines are established and used to check each 
drill hole for depth, this is the best assurance of a 
good working floor for shovel and rock wagons. 


Line Drilling Effective for Trimming 

In rock which cannot be trimmed easily by pneu- 
matic pick it has been found that line drilling along 
the outer perimeters is the best substitute and quite 
effective except in very jointed rock. This method of 
trimming batters is one that suits New Zealand’s 
economic conditions but may not apply universally. 

Line-drilled holes need not always be very close. 
While 6 in. centres are necessary in some rocks, in 
others holes at 2 ft. or even 5 ft. centres, if drilled 
accurately, produce a clean uniform batter. In narrow 
confined excavations the amount of drilling in line- 
drill holes can easily be double that required for 
placing explosives. 

Explosive demand has usually been between 0°5 Ib. 
and 0-75 lb. per cu. yard of solid rock excavated. 
Explosives used have always been ammonium nitrate 
polar 50%, or 60% gelignite, or gelatine dynamite. 
It is supplied usually in cartridges but sometimes in 
granular form in 50 Ib. cases. 

Where possible, the cartridges supplied have been 
about } in. less in diameter than the nominal diameter 
of the drill hole and as long as possible to save time 
in hole loading. Moderate tamping of the explosive 
with wooden tamping sticks has always been prac- 
tised, and holes have always been closed with dry, 
free-running sand or silt. Holes would normally be 
about half to two-thirds filled with explosives. 

Over the past 15 years Primacord or cordtex 
detonating fuse has been available, and over the last 
ten years millisecond-delay blasting has been em- 
ployed, first by the use of millisecond-delay deton- 
ators, next by use of the sequence switch, and lately 
by use of cordtex delays. Initially the slight delay in 
cordtex itself was used to give a relieving action in a 
large blast, but millisecond-delay blasting has given 
an enormous increase in control and in the reduction 
of shattering effect outside the area to be blasted. 


Minimum Number of Detonators 

The use of electric detonators at the bottom of a 
column of explosive is widely advocated by some 
authorities and has considerable merit, but the Min- 
istry of Works method has been consistently to avoid 
detonators in the ground and to reduce their use to 
a minimum in the interests of safety. With cordtex 
delays, only one detonator, tied on at the last moment 
to initiate the cordtex, is required. 

Detonation by cordtex requires a branch to be 
taken to the bottom of each shot hole. This is done 
by using the first cartridge as a primer and lowering 
it down the hole with the cordtex. 

A primer is made up by making a diagonal hole 
in the cartridge with a wooden skewer, passing the 
cordtex through, and securing it with a thumb knot. 
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Fig. 3. The clean batter produced by the shot depicted in Fig. 2. 


The cordtex and cartridge are then lashed securely 
with two or three turns of twine round each end of 
the plug. 

Each branch of cordtex is tied to the cordtex main 
with a clove hitch pulled tight and the loose end tied 
back on to the branch with binding wire or tape. The 
mains in turn are led to the detonating point where 
the delays, either electrically with the switch, by delay 
detonators, or by cordtex delays, are introduced. 
Cordtex delays are now normally used in preference 
to either of the other methods. Mains and branches 
are joined by binding the two together for about 6 in. 
with insulation wire or tape or by a reef knot plus 
binding. The direction of initiation must be studied, 
as the branch must take off in the direction of initia- 
tion; otherwise it can be cut off and not detonate. 
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The laying of mains needs 
to be properly engineered to get 
the best resuits from the milli- 
second delays introduced into the 
blast. The effect of this type of 
blasting is for the rock pile to 
travel towards the point of zero 
delay. and if this is not desired a 
definite pattern should not be 
used. In blasting a long, deep, 
narrow channel, for example, the 
main carrying a zero delay is laid 
along the long central axis and 
each successive delay is applied to 
a similar pair of mains lying 
parallel on either side of the 
centre main. Delays come in suc- 
cession until the batter line is 
reached. This method produces 
a rock pile heaped in the centre 
of the cutting and a clean batter 
(see Figs. 2 and 3). 


Secondary Shooting Eliminated 

By careful and symmetrical 
placing of blast holes, it has been 
found that secondary shooting can 
be eliminated. 

For ease of setting out, a simple 
rectangular pattern is usually em- 
ployed, with spacings longitudin- 
ally and transversely varying from 
about 4 ft. to 8 ft. as found neces- 
sary for best results. At Rox- 
burgh, in quartz schist, holes had 
to be kept more than 6 ft. apart 
to avoid sympathetic detonation, 
and a diagonal pattern was 
adopted to get greater hole sepa- 
ration. 

To ease the shock on the batters 
it is normal practice to reduce the 
charge to about half to two-thirds 
in the last row of holes before the 
batter and to reduce the burden 
accordingly. Batter trimming holes 
are assisted by reducing the bur- 
den to 3 or 4 ft. and loading holes 
at about that spacing along the 
batters. Only about one fifth full 
charge is required in each hole. 
and cartridges are spread through 
the hole by deck loading to avoid damage by concen- 
trations of charges and to give the widest scattered 
effect while making sure that the toe comes away. In- 
clined batters have been line drilled, but the vertical 
stepped batter is easier to set out and control. 

Blasting charges in paddock blasting have been 
varied to suit conditions, but the largest possible are 
recommended, because there is generally no increase 
in blast damage with size since the area involved 
increases directly as the charge, and the fewer the 
blasts the fewer the delays in clearing the area and 
reinstating it afterwards. Hydro-electric works are 
usually well clear of other works or habitation in New 
Zealand, and convenience is generally the criterion. 
Blasts have normally varied from about 2,000 to 
10,000 Ib of explosive. 
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Control has usually been such 
that inclined ramps have been 
formed, as work progresses down- 
ward, by controlled drilling, leav- 
ing the ramps in solid. In the solid, 
ramps as steep as | in S are prac- 
ticable, but not recommended 
where flatter ramps are possible. 

When making these large blasts 
strict control is necessary to en- 
sure that danger areas are cleared 
and kept clear of personnel. Elec- 
tric detonation is favoured; it is 
more closely under control and 
can be done instantly the all clear 
is received. Detonation by safety 
fuse, however, is simple and quite 
often used. 


Faultless Setting Out Essential 

The method of detonation of 
a system of mains and branches 
in cordtex means that the cordtex 
must be faultlessly set out and 
tied up; otherwise a whole section 
can misfire. If a break does occur 
in the cordtex, nothing will deto- 
nate beyond the break. 

This is the disadvantage of this 
system and it is why many prefer 
electric detonators down the hole. 
for with electric detonators, given 
sound wiring and ample current, 
once the circuit is closed all deto- 
nators must explode. For this 
reason checking of all cordtex 
knots and connections is essential. 
All mains and branches should 
be tight and neat, but not tight 
enough to break any joints, and 
all cordtex should be examined 
by touch for breaks that occur in 
manufacture. These are always 
large enough to be felt. In wet 
holes, cut ends of cordtex should 
be waterproofed to avoid failure 
due to deterioration of cordtex. 
Methods of making connections 
and avoiding sharp bends are now 
standardised and should be fol- 
lowed meticulously. While tying 
up is in progress all unnecessary 
traffic should be prohibited in the 
paddock. 

When this method was first introduced at Rox- 
burgh misfires were common. The cause was traced 
to sympathetic detonation, which was cured primarily 
by respacing drill holes and use of a sequence switch. 
Occasionally there would be an electrical fault. Mis- 
fires are no longer experienced, because of use of 
cordtex delays, sound practice in making cordtex con- 
nections, and careful checking. 

It is considered that cordtex gives better use of the 
explosive and better fragmentation than do electric 
detonators in the primers. As no detonators are 
attached until a few minutes before detonation, the 
method is eminently safe, even if misfires do occur 
and free explosives are left in the rock pile. 
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Fig. 4. Wagon drills at work on a typical paddock blasting operation 


for the Waikato scheme 





Fig. 5. Placing and tamping explosives 


It is quite impossible to detonate cordtex except 
with a detonator. The Department often uses two 
detonators together to be sure there is a detonation. 
There was at least one failure before this was done. 


Proven Maxims 

In the early days when the sequence switch was first 
used, considerable study of ground shock amplitude 
and the effect of interference of successive shots was 
made, using geophones and a vibrograph. This work 
confirmed what is now generally accepted—that the 
maximum ground shock is generally not much more 
than that due to the separate charge set off by each 
delay, and that in a certain rock and for a certain 
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Fig. 6. Firing the shot seen in Fig. 1 


pattern of holes there is an optimum value of the 
delay interval giving most interference and least 
shock. At Roxburgh with 7 ft. spacing and in mica- 
schist, this time interval was 15 to 20 millisec. Varia- 
tion of this interval was possible with the sequence 
switch, but it was otherwise rather delicate for its 
purpose. The 17 millisec. of the cordtex delay has 
been found good enough for general work and other- 
wise much more convenient. 

Where electric detonators are used the Department 
believes in checking all detonators before use, and 
also in using an electrician or specially skilled man to 
tie up and check all connections and circuits. 

With reasonably good equipment it has been found 
possible to excavate at about 5,000 to 10,000 cu. yards 
of rock per face per shift per month. 

Paddock-blasting methods have been used at Kai- 
tuna, Roxburgh, Hawea, Waitaki, Waipapa. and 
Ohakuri power projects by the New Zealand Ministry 
of Works’ own forces. They will be employed on the 
new Benmore project where between two and three 
million cubic yards of rock excavation is required. 
For this scheme there has been an increase in equip- 
ment size to 4 cu. yard shovels, 16 cu. yard rock 
wagons and heavy-duty crawler wagon drills through- 
out. 


Experience Summarised 

Ministry of Works experience can be summarised 

as follows: 

1. Holes should be deep enough to produce a rock 
pile as high as the shovel’s shipper shaft. 

2. Holes should be reasonably closely spaced to 
avoid oversize fragments, but should not be close 
enough to induce sympathetic detonation. This 
could be as far as 6 ft. or even 7 ft. in certain 
rocks. 

3. Holes should be drilled to a definite pattern, set 
out on the ground with each hole clearly 
marked; to a definite depth, by use of a string 
line or similar device. 

4. Cordtex system should be planned and delays 

used to move the rock in a definite pattern. 











Fig. 7. The clean result of the shot 


5. All detonators, electrical circuits and cordtex 
connections should be double checked. 

6. Line drilling is often quicker and cheaper than 
batter trimming and is quite accurate if properly 
set out. 

7. Cordtex for detonation is favoured because 

detonators are kept out of the ground, and also 

because its high-speed detonation gets the best 
out of the explosives and improves fragmenta- 
tion. 

8. By careful planning, secondary blasting should 

be practically eliminated and excavation be a 

continuous operation. 


A Typical Blast Record 


The following is a record of a typical paddock blast 

at Roxburgh:— 

No. of holes loaded (6 ft. c/c. in rows): 504. 

No. of rows at 7 ft. c/c.: 18 at one end, 20 at other 
(change in section). 

Depth of holes: 15 ft. (few 18 ft.); diameter of holes: 
«qg IN. 

Explosive used: 7,200 Ib. gelatine dynamite. 

— of blast in cu. yards solid: 10,000 cu. yards 
plus. 

Explosive per cu. yard: 0-70 Ib. 

Footage drilled including line holes: 10,800 ft. 

Cordtex used: mains 3,400 ft., branches 9,100 ft., total 
12,500 ft. 

Cordtex per cu. yard: 1-2 ft; per lb. explosive: 1-75 ft. 

No. of delays: 9; time interval: 0-025 sec.: overall: 
0-225 sec. 

Line holes at 6 in. c/c. every fifth deck loaded with 3-4 
lb. explosive. 

Easer holes 44 ft. from line holes loaded with 7 Ib 
explosive. 

Main holes had 16 or 17 Ib. per hole. 

Connecting wires P.V.C. 1/-044. 

Firing cable twin yellow No. 2—S00 yards. 

Resistance of cable: 25 ohms; of sequence switch: 15 
ohms; wire and detonators in each circuit: 5 ohms: 
total 45 ohms. 

Firing by lighting set plus battery charger adjusted to 

give 48 V at firing switch, current 1 A plus. 
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Fig. 1. The power houses on the St. Lawrence River 





Controlling the St. Lawrence River 


tor Power 


By IRA A. HUNT, Jr., Major, Corps of Engineers, U.S. Army, 
District Engineer, U.S. Lake Survey, and Chairman, 
United States Section, Working Committee of the Inter- 

national St. Lawrence River Board of Control 


N September 5, 1958, dignitaries from the United 
States and Canada assembled at the Moses- 
Saunders power houses in the International 
Rapids section of the St. Lawrence River to witness 
the inauguration of the hydro-electric power gener- 
ating project. The feat of harnessing the river at this 
site had been completed in less than four years from 
the ground breaking—a feat made all the more 
remarkable considering that during the entire con- 
struction period the 14 ft. navigation facilities had to 
be kept open and the water levels of the St. Lawrence 
River and Lake Ontario had to be maintained at what 
they would have been under natural conditions. To 
many of the observers, this great accomplishment 
was a dream of many years come true; it was a 
herculean task well done and an epic of inter- 
national co-operation. 
The governments of the United States and Canada 
designated the Power Authority of the State of New 
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York and the Hydro-Electric Power Commission of 
Ontario to construct, maintain, and operate the pro- 
posed works. The total costs of the works, including 
certain navigational improvements, were to be divided 
equally between the two constructing entities. These 
costs are estimated to be $500,000,000. The major 
construction works undertaken by the power entities 
included the power-house structures, Long Sault spill- 
way dam and Iroquois dam, dikes for retaining the 
power pool, and channel enlargements for power and 
navigational purposes, Figs. 2 and 3. 

The power dam spans the channel between the 
eastern end of Barnhart Island and the Canadian 
shore. The structure is bisected by the International 
Boundary, with the Robert H. Moses power house on 
the New York side and the R. H. Saunders-St. Law- 
rence generating station on the Ontario side. The 
power structure is 3,300 ft. long with a head of 83 ft., 
and when completed it will have 32 turbines develop- 
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Fig. 2. Power and navigation improvements on the St. Lawrence River 


ing 2:2 million horsepower, Fig. 1. On January 1, 1959. 
16 of the 32 units were on the line and producing. 

The two control dams are located upstream of the 
power houses. Long Sault spillway dam, an attractive 
curved structure some 2,250 ft. long with thirty 50 ft. 
wide spillway sections, was built from the upper end 
of Barnhart Island to the New York State mainland, 
and lies entirely within the United States (Fig. 6). Long 
Sault dam controls the elevation of the power pool 
and affords a bypass for emergency operations. 
iroquois Dam, a buttressed gravity dam with 32 fixed- 
roller vertical lift gates operated by two 350 ton 
gantry cranes, was built 29 miles upstream from the 
power houses to control the outflow, and consequently 
the levels, of Lake Ontario, Fig. 4. 

The large differential heads caused by the dams 
were overcome for navigational purposes by the con- 
struction of three locks and a canal. Iroquois lock, at 
the Canadian end of Iroquois dam, provides a 4 ft. 
lift under normal circumstances and affords a bypass 
around the dam. The ten-mile long Wiley-Dondero 
canal, on the United States side of the river, furnishes 
passage for the vessels to and from the power pool 
which is now known as Lake St. Lawrence. Excava- 
tion for this canal necessitated the removal of over 
16,000,000 cu. yards of tough glacial till and marine 
clay. The Bertrand H. Snell and Dwight D. Eisen- 
hower locks are located in the canal; each provided 
an approximate 40 ft. lift. The Snell and Eisenhower 
locks and the Wiley-Dondero canal were constructed 
by the Corps of Engineers, United States Army, for 
the St. Lawrence Seaway Development Corporation. 

In constructing the power project. tens of millions 
of cu. yards of materials were excavated and over 
two million cu. yards of concrete were poured. Con- 
struction techniques between contractors in the United 
States and Canada varied considerably. For instance, 
American contractors poured their concrete in 5 ft. 
vertical sections generally in above freezing weather, 
whereas Canadian contractors poured monolithic 
structures in all kinds of weather. When considering 
the tremendous scope of the project, it is no wonder 
that the Hydro-Electric Power Commission of Ontario 
and the Power Authority of the State of New York 
take just pride in the completion of their joint en- 
deavour. As a testimonial to this splendid co-operative 
effort, the two power entities plan to construct a 
plaque over the International Boundary at the centre 
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of the power-house structure which will be inscribed 
with the following words: 

“This stone bears witness to the common purpose of 
two Nations, whose frontiers are the frontiers of friend- 
ship, whose ways are the ways of freedom, and whose 
works are the works of peace.” 

To construct the works for the development of 
power in the International Section of the St. Lawrence 
River, the Governments of Canada and the United 
States applied to the International Joint Commission 
for-an order of approval. It is in the work of the 
International Joint Commission that perhaps the most 
important story of international co-operation with 
regard to the use of the international waters of Lake 
Ontario and the St. Lawrence River is found. The 
Commission was established by the Treaty of 1909 
between Canada and the United States to regulate 
levels, diversions, obstructions, or pollutions of 
boundary waters and of waters flowing across the 
boundary. It was designed to settle peacefully and 
amicably all United States-Canadian water-boundary 
controversies involving the rights or interests of the 
inhabitants of either country, and it was accordingly 
granted quasi-judicial powers to settle such problems 
by international judicial arbitration. Each country 
has three representatives on the Commission. At the 
present time, the Canadian chairman is General 
A. G. L. McNaughton, former Chief of Staff of the 
Canadian Army, with Mr. Lucien Dansereau and 
Mr. Donald McGregor Stephens as Commissioners, 
and the American chairman is Governor Douglas 
McKay, former Secretary of the Interior, with Mr. 
Eugene W. Weber and Mr. Francis L. Adams as 
Commissioners. 

In the order of approval for the development of 
power at the International Rapids Section of the St. 
Lawrence River, given on 29 October, 1952, by the 
International Joint Commission, the International St. 
Lawrence River Board of Control was established. 
Upon completion of the power project, this Board of 
Control, consisting of an equal number of representa- 
tives of each nation, was to see that the discharge of 
water from Lake Ontario and the flow of water 
through the International Rapids Section be so regu- 
lated as not to conflict with or restrain the uses of 
water of the St. Lawrence River for purposes given 
preference over the uses of water for power purposes 
by the Treaty, namely, uses for domestic and sanitary 
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purposes and uses for navigation; to see that the works 
are operated in such a manner as to safeguard the 
rights and lawful interests of others engaged in the 
development of power in the St. Lawrence River 
below the International Rapids Section; and to see 
that the works are so operated as to safeguard as far 
as possible the rights of all interests affected by the 
levels of the St. Lawrence River upstream from the 
Iroquois regulatory structure and by the levels of 
Lake Ontario and the lower Niagara River. 

The Board of Control consists of four members 
from each country. The chairman of the American 
section is Major General Louis J. Rumaggi, Division 
Engineer, North Central Division, U.S. Army Corps 
of Engineers, with Colonel Arthur C. Nauman, 
Washington, D.C., Mr. J. B. McMorran, and Mr. 
W. R. Farley. as members. The chairman of the 
Canadian section is Mr. T. M. Patterson, Director, 
Water Resources Branch, Department of Northern 
Affairs and National Resources, Mr. D. M. Ripley, 
Mr. J. B. Bryce, and Dr. René Dupuis, as members. 

From the dictates of the International Joint Com- 
mission to the Board of Control, it can be seen that 
many interests must be served and protected in the 
operation of the works at the International Rapids 
Section. In a Supplementary Order to the Order of 
Approval dated 2 July, 1956, the International Joint 
Commission set forth the basic requirements for a 
plan of regulation for Lake Ontario in the form of a 
set of criteria which are primarily a range of stage 
and limiting conditions for Lake Ontario levels and 
outflows. Utilising these criteria, the Working Com- 


mittee of the Board of Control formulated the Lake 
Ontario Regulation Plan. In the development of this 
plan, data for the period of record 1860 to 1954 were 
used. Ultimately, it was adopted by the International 
Joint Commission as the initial operating plan of 
regulation, with provisions made for adjustments and 
progressive improvements as operating experience is 
gained. 

Properly to understand the significance of the 
criteria for regulation set forth by the International 
Joint Commission, it would be well to present a brief 
summary of the hydrology of Lake Ontario and the 
St. Lawrence River. Lake Ontario, the lowermost in 
the Great Lakes chain, is also the smallest. It has a 
drainage area of 34,800 sq. miles. of which 7,500 sq. 
miles are water surface area. The level of Lake 
Ontario varies both annually and seasonally. The 
average level of Lake Ontario at Oswego, New York. 
for the period 1860 to 1954 is elevation 246-04 ft., 
United States Lake Survey 1935 Datum. The monthly 
mean level of the lake has varied from a low eleva- 
tion of 242-68 ft. for November 1934 to a high eleva- 
tion of 249-29 ft. for June 1952, making a total range 
in monthly mean stage of 6°61 ft. 

In addition to these variations over the long term, 
the levels of the lake show a seasonal pattern of high 
stages in the spring and summer and low stages in the 
fall and winter, the average range from high to low 
being 1-8 ft. The outflow of Lake Erie, which drains 
an area of 260,000 sq. miles through the Niagara 
River and Welland canal, contributes 85% of the net 
total supplies to Lake Ontario. This flow into Lake 
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Ontario varies slowly from month to month so that 
any rapid change in the average lake level results 
from unusual net basin supplies. The net basin supply 
to Lake Ontario is comprised of the precipitation fall- 
ing on the lake surface P plus the run-off from the 
land drainage area R minus the evaporation E. The 
average monthly values of the factors comprising the 
net basin supply along with the average monthly change 
in lake storage $,_,, and the average monthly differ- 
ences between outflow of the St. Lawrence O,_, and 
the inflow from Lake Erie /,_, for the period 1934 to 
1952 are shown in Table I, in feet on Lake Ontario. 
Note the very high run-off in March and April due to 
snowmelt, the relatively constant precipitation, and 
the high evaporation rates in the fall and low evapora- 
tion rates in the spring. 

Before the construction of the St. Lawrence power 
and seaway projects, the outflows of Lake Ontario 
were controlled by a rock outcrop in the Galop Rapids 
reach of the St. Lawrence River. Thus, there was a 
definite relationship between the level of Lake 
Ontario and the outflow of the St. Lawrence River 
which held in all periods except under ice conditions. 
The formation of ice in the reach of the river above 
the International Rapids Section has as its direct result 
the diminution of flow from Lake Ontario. Therefore, 
for the same Lake Ontario stage, the flow would be 
less during periods of ice than it would be under open 
water conditions. The outflows of Lake Ontario have 
been regulated by the Iroquois dam since December 
1956. At the present time (January 1, 1959), the flows 
in the river are regulated so that they are the same 
as they would have been in nature had not the con- 
struction of the power and seaway projects been 
undertaken—the so-called preproject levels. 

The water levels and flows in the St. Lawrence 
River downstream from the power houses, in the 
Canadian National Section, are complicated by the 
flow of the Ottawa River into Lake St. Louis above 
Montreal, and by the formation of ice in Montreal 
harbour. The maximum and minimum daily inflows 
to Lake St. Louis from the Ottawa River have been 
190,000 cusecs and 3,000 cusecs. In the winter, the 
water level in Montreal harbour normally rises from 


TABLE I.—AVERAGE MONTHLY VALUES OF THE HYDROLOGIC 
Factors, IN FEET, AFFECTING LAKE ONTARIO LEVELS FOR 
THE PeRiIop 1934-1952 
S,-.=P,., t R,-» ‘ E.-s T (1-2 O,-2) 
| 2 3 4 5 6 

| 
j i 
Month Si-3 | P,-s R,-» | E.-: (1-3 - O,;-2) 
‘ : = oS: eS =e 
January +015 | 0:20 046 | —0-19 | 0-32 
February +016 | 0-17 | 0-41 | —0-10 | 0-32 
March + 0°57 0:20 0:79 0-06 0-36 
April ... + 0°60 0-17 0-97 0:04 0:50 
May + 0-27 0-20 0-59 0-04 0-48 
June 0-00 0-18 0°30 0-00 0-48 
July 0-23 0-10 0-19 0-11 0°50 
August 0-46 | 0-14 0°14 0:28 0-46 
September 0-38 0-20 0-15 0-32 0-41 
October 0:36 0:20 0:20 0°38 0-38 
November... 0-15 0-23 0:29 0:35 0-32 
December .. 0-06 0-22 | 0:36 0:34 0-30 
| | 
Total ... +O-11 | 2:30 | 485 —2-21 — 4:83 


Pie MASE = 
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11 to 22 ft. due to ice retardation and during a severe 
ice jam, it has risen as much as 32 ft. above low water 
level. 

From the above resumé of the hydrology involved, 
the necessity for considering the rights of riparian, 
navigation, and power interests, both above and 
below the International Rapids Section, can be easily 
understood. To this end, criteria—each of which 
affected all interests to a varying degree—were estab- 
lished by the International Joint Commission and in- 
corporated into the Lake Ontario Regulation Plan by 
the Working Committee of the International St. Law- 
rence River Board of Control. A brief discussion of 
each criterion, its primary beneficiaries, and some of 
the results obtained from the regulation plan are 
given below. 

Criterion (a): The regulated outflow from Lake 
Ontario from I April to 15 December shall be such 
as not to reduce the minimum level of Montreal Har- 
bour below that which would have occurred in the 
past with the supplies to Lake Ontario since 1860 
adjusted to a condition assuming a continuous diver- 
sion out of the Great Lakes Basin of 3,100 cusecs 
at Chicago and a continuous diversion into the Great 
Lakes Basin of 5,000 cusecs from the Albany River 
Basin. (Hereinafter called the “supplies of the past 
as adjusted.’’) 

This criterion is primarily to protect downstream 
navigation and riparian interests. It also affects the 
distribution of minimum flows which, in turn, is of 
importance to all power interests. The concept of sup- 
plies of the past as adjusted is important. At the 
present time, approximately 5,000 cusecs are diverted 
by Canada from the Hudson Bay watershed into Lake 
Superior and 3,100 cusecs are diverted from Lake 
Michigan at Chicago for sanitary and navigation pur- 
poses into the Mississippi River watershed. Thus, the 
net diversion is 1,900 cusecs into the Great Lakes. 
Although the diversion figures have varied in the past, 
the present diversions control the over-all effect on 
Lake Ontario levels. which is a raising of almost 
0-09 ft. 

Criterion (b): The regulated winter overflows from 
Lake Ontario from 15 December to 31 March shall 
be as large as feasible and shall be maintained so 
that the difficulties of winter power operation are 
minimised. 

Criterion (b) is of primary benefit to power. The 
outflows should be as large as feasible during the 
winter because it is during this period that the maxi- 
mum demands for power must be met. Nevertheless, 
it is imperative that the flows be regulated to permit 
the formation of an ice cover at the power pool to 
eliminate the damaging effect of frazil (ice crystals 
within a body of water). A flow of 220,000 cusecs or 
less is necessary to allow the formation of ice. To 
ensure that the ice cover remains intact, the weekly 
variation in flow should be limited to 20,000 cusecs. 
However, increased flows or substantial variations in 
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. ween BOs oe Bak 008 8 ee. threat of flooding greatly reduced. 
ia |23| 25| 25| 26] 26 | 33] 29] 35| 38] 40] 32/30 | 29] 35| 35| 35/251 16 | 15| 1 2! | 24] 21] Criterion (€): Consistent with 
247 — 4 r |_| DATAINM.ph, ECORDED AT ROCHESTER NY.| | | | other requirements, the minimum 
Va | 4 i i regulated monthly outflows from 
| OSWEGO | Lake Ontario shall be such as to 
cx — . | secure the maximum dependable 
| 1 | | | : flow for power, 
Lame | | | tt The power entities in the Inter- 
| | ae H national Rapids Section indicated 
| = | that their anticipated power de- 
| ed | —| } mands necessitated flows which 
| = are a minimum in the summer and 
| a maximum in the winter. The 
relative magnitude of the specified 
a I minimum outflows of the Lake 
rv. Ontario Regulation Plan were 
z designed in so far as possible to 
ig Sg vary in accordance with these an- 
rs ' — ticipated demands. The minimum 
: 'G summer outflows were set to main- 
> 4% ‘ain minimum water levels on 
es _| {06 'S Lake St. Louis and downstream. 
8 T g Table II compares the minimum 
“ | 1 | | uw outflows <= plan and =a 
> | =e ae 43 mum recorded adjusted outflows. 
- ia | | | ranma | ge Criterion (f): Consistent with 
w | ) | | | | | | |S other requirements, the maximum 
S 246 + t =a t 4 regulated outflow from Lake On- 
ye NO tario shall be maintained as low 
2 e 
NORTH CHANNEL MH as possible to reduce channel ex- 
245 | rt rT a o 1 a, to cavation to a minimum. 
| | ae 2 The channel excavations were 
| ‘| - ms carried out to provide the stipu- 
- it. NI i lated depths and velocities for 
navigation based on the critical 
20 Pacnhehaatinnd nefiond design conditions of a preliminary 
1 | | ft | version of the regulation plan. The 
onl den‘ canen | | | outflows of the Lake Ontario 
229 Baader dar cad he. +— . = Regulation Plan were designed to 
| | | 1 | meet the velocity-stage criteria 
| | | | | for these channels. 
a: THSSeeeenees 2 g egaseeaxgsx bapa (g): grog Pe 
- RIVER FLOW AT MORRISBURG, 1,000 cu.ft ./sec. other requirements, the levels of 
Lake Ontario shall be regulated 
Fig. 5. Example of a storm surge on the St. Lawrence for the benefit of property owners 
flows during the winter period may augment the flood on the shores of Lake Ontario in 
hazard in the Montreal area. TABLE II—MINIMUM OUTFLOWS FROM LAKE ONTARIO 
Criterion (c): The regulated outflow from Lake (1,000 cusecs), JUNE 1860—DECEMBER 1954 
Ontario during the annual spring break-up in Mon- - 
treal Harbour and in the river downstream shall not Month | Recorded adjusted te | Under Lake Ontario 
be greater than would have occurred assuming sup- present conditions | regulation plan 
plies of the past as adjusted. Scere. ae =e 
This criterion takes into consideration the down- he | 210 
stream riparian interests. The ice break-up period in puprayy “| 4 Le 
Montreal harbour is critical. As mentioned previously, March... _.. | 188 | 407 
ice jams have caused a rise as high as 32 ft. above April 197 190 
low water in the past. May 204 190 
Criterion (b): The regulated winter outflows from July a — 
Ontario during the annual flood discharge from the ‘August 197 195 
Ottawa River shall not be greater than would have September ... 190 190 
occurred assuming supplies of the past as adjusted. October 186 190 
Criterion (d) was included to protect the riparian san wn vee se re 
interests on Lake St. Louis, in Montreal harbour, and . 
on the river downstream. The flood discharge of the 
Ottawa River has had a great influence on flood Average 189-8 198-8 


levels; however, more and more control dams have 
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the United States and Canada so as to reduce the 
extremes of stage which have been experienced. 

The extremes of stage are of great importance to 
riparian interests on Lake Ontario. The extreme re- 
corded monthly mean levels, the extreme recorded 
adjusted monthly mean levels, and the extreme re- 
corded adjusted monthly mean levels under the Lake 
Ontario Regulation Plan for the period 1860-1954 are 
given in Table III. It can be seen that the difference 
between the extremes of stage is greatly reduced. 

Criterion (h): The regulated monthly mean level 
of Lake Ontario shall not exceed elevation 248-0 with 
the supplies of the past as adjusted. 

This criterion is, of course, to reduce the property 
damage that invariably results when there are 
extremely high stages. Routing the supplies of the 
past in accordance with the Lake Ontario Regulation 
Plan, the maximum monthly lake level elevation ex- 
ceeded 248-0 ft. by 0°08 ft.; however, positive steps 
are being taken to amend the rule so that this eleva- 
tion is not exceeded in actual operation. 

Criterion (i): Under regulation, the frequency of 
occurrences of monthly mean elevations of approxi- 
mately 247-0 and higher on Lake Ontario shall be 
less than would have occurred in the past with the 
supplies of the past as adjusted and with present 
channel conditions in the Galop Rapids Section of 
the St. Lawrence. 

The action of the waves on the shore when beaches 
are flooded because of high lake levels creates dam- 
age, but it is the ultimate storm water levels resulting 
from wind set-up and wave up-rush superimposed 
upon high average lake levels that cause the extreme 
damages. Therefore, it is important that the frequency 
of high lake levels under the plan of regulation be 
reduced so that there is less chance of major storms 
causing havoc. The frequency of occurrences above 
elevation 247-0 ft. has been reduced in the Lake 
Ontario Regulation Plan during the usual storm 
periods. 

Criterion (j): The regulated level of Lake Ontario 
onl April shall not be lower than elevation 244-0. The 
regulated monthly mean level of the lake from I April 
to 30 November shall be maintained at or above 
elevation 244-0. 

This criterion safeguards the rights of navigation, 
which by virtue of the Treaty of 1909 has preference 
over power in the uses of water. The navigation season 
on Lake Ontario has been extended under the regula- 
tion plan to include the period 1 to 15 December. The 
Lake Carriers’ Association, which has among its 
membership 30 fleets operating 96% of the total U.S. 
vessel capacity on the Great Lakes, in its notices of 
recommended drafts makes changes by the inch, de- 
pending upon current lake levels. Where inches count 
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so much, it is important that during the navigation 
season the level of Lake Ontario be maintained at or 
above elevation 244-0 ft. (the low-water datum on 
Lake Ontario to which all dredging and channel im- 
provements are referred). 

Criterion (k): Jn the event of supplies in excess of 
the supplies of the past as adjusted, the works in the 
International Rapids Section shall be operated to 
provide all possible relief to the riparian owners up- 
stream and downstream. In the event of supplies less 
than the supplies of the past as adjusted, the works 
in the International Rapids Section shall be operated 
to provide all possible relief to navigation and power 
interests. 

The Lake Ontario Regulation Plan was based on 
utilising the supplies available in the period 1860 to 
1954. Criterion (k) gives flexibility to any plan of 
regulation if the supplies in the future should be more 
critical than the supplies of the past. 

The International Joint Commission has endea- 
voured to safeguard as far as possible the rights of 
all interests affected by the operation of the St. Law- 
rence projects. Any plan of regulation must of neces- 
sity be a compromise to satisfy the divergent priorities 
of upstream and downstream navigation and riparian 
and power interests. The plan of regulation as devel- 
oped by the International St. Lawrence River Board 
of Control meets the stringent criteria of the Inter- 
national Joint Commission and takes into considera- 
tion the rights of all interests. 

It is impossible to forecast all eventual supplies and 
contingencies with relation to the levels of Lake 
Ontario and the flows in the St. Lawrence River. 
There will be times when temporary deviations from 
any plan of regulation are necessary because of ice 
conditions, downstream flooding, and gravity surges. 
Although the pattern of flow may have to be varied 
to meet these conditions, the total volume of water 
discharged during a given period should equal the 
quantity contemplated by the plan of regulation. For 
instance, emergency measures will undoubtedly have 
to be taken to compensate for river surges caused by 
wind set-up on Lake Ontario. On 29 June 1957, dur- 
ing the construction period, a recorded wind set-up 
of only 0-5 ft. at Oswego caused a 3-6 ft. rise at 
Iroquois dam tail water. Such a gravity surge travels 
down-river at a speed of approximately 20 m.p.h. It 
can be seen from Fig. 6 that the St. Lawrence River 
discharge increased from 240,000 cusecs to 300,000 
cusecs in a period of 12 hours. It takes “on the spot” 
operation to accommodate phenomena such as the 
wind surges within the framework of the more normal 
conditions on which the regulation plan is based. 

Since the start of construction in August 1954, the 
levels of Lake Ontario have been compensated to 


MONTHLY MEAN WATER LEVELS OF LAKE ONTARIO (1860-1954) IN FEET ABOVE MEAN TIDE, NEW YorK 


| 


Recorded adjusted |Recorded adjusted levels for |Recorded adjusted levels for 


Recorded levels to present 


conditions 
Maximum water level 249-29 248-93 
Minimum water level 242°68 242-84 
Range of stage, in feet 6°61 6:09 





|navigation season under Lake /full year under Lake Ontario 
| Ontario regulation plan regulation plan 


248-08 248-08 
244-20 243-02 
3-88 5:06 
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Fig. 6. Eisenhower lock with Long Sault spillway dam in the background 


keep them at preproject conditions. Because of adroit 
planning and outstanding engineering, deviations from 
preproject levels have been small. When the St. Law- 
rence seaway and power project is completed and the 
Lake Ontario Regulation Plan goes into effect. 
riparian, navigation, and power interests can be 


From page 219 

The surge tank in a one-stage plant, that is for 
headrace conduit 13-6 miles long, would necessarily 
have a height of 720 ft. In the two-stage plant the 
headrace conduit proper is, as a result of the avail- 
ability of the Gésskar storage reservoir, only about 
6:2 miles in length and the surge shaft only about 
330 ft. high. 

As detailed measurements of the water supply 
indicate, the projected plant can be expected to yield 
a power production of 580 million kWh, 91% of 
which will be in the winter months. A major advan- 
tage of the project consists in the fact that the amount 
of winter energy obtainable from the new power 
plants on the Drau will be raised by 54 million kWh. 
“Leading the World.” This 64-page stiff-covered bro- 
chure issued by the British Electrical and Allied 
Manufacturers’ Association may be regarded as a 
sequel to the Association’s earlier publication, “Serv- 
ing the World,” produced for the occasion of the 
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assured that their individual rights have received the 
utmost consideration and that the water levels of Lake 
Ontario and the flows in the St. Lawrence River will 
be controlled for the equitable benefit of all. 

Note. Figs. | and 6 are reproduced by courtesy of 


Ontario Hydro. 


Brussels World Exhibition last year. Much of the bro- 
chure is devoted to an illustrated account of the 
BEAMA stand at the Exhibition—which, incident- 
ally, included a large Kaplan runner and a model of 
one of the Priest Rapids sets—and of the British Elec- 
trical Conference held there. The papers presented by 
Sir Gordon Radley “Communication between Nations 
and Peoples” and by Sir John Cockcroft “Nuclear 
Energy—the Power of the Future” are reproduced in 
full. A further section recounts the British contribu- 
tion to the Geneva “Atoms for Peace” Exhibition, 
and other sections discuss British electrical exports 
and summarise the work of the Association. 


Brush and its Products. The Brush Elecirical Engin- 
eering Co. Ltd. is now a member of the Hawker Sid- 
deley Group and manufactures a wide range of elec- 
trical equipment—transformers, switchgear of both 
indoor and outdoor types, electrical motors, etc.—in 
addition to steam turbines, diesel locomotives and 
other power machinery. Illustrated particulars are 
given in Publication No. 95057. 
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Integrally Cast Pelton Runners 


By F. W. KAMBER, Dipl. Ing. ETH* 


N article in the December 1957 issue of WATER 
POWER entitled “Welded Construction of Pelton 
Wheels” proposed that water-turbine runners be 
fabricated as welded units. Some reasons given in 
support of this proposal were that the manufacture 
of Pelton runners as integral castings gives rise to 
some very real difficulties brought about by: 
(a) the necessity of reproducing accurately the 
specified bucket profile 
(b) the requirement that this bucket profile should 
remain unchanged in service over long periods 





Fig. 1. Reisseck Pelton runner, 31,000 h.p., operating 
under the highest head in the world, 5,800 ft. 13% 
chromium steel; weight 4-3 tons; diameter 8 ft. 6 in. 


in spite of severe operating conditions such as 

high water velocity, the abrasive effects of 
suspended solids in the water, etc. 

(c) the close manufacturing tolerances laid down 

and the severe inspection procedures employed. 

It is maintained that these difficulties can be avoided 

by a mixed construction in which the buckets, pro- 

duced individually either by casting with subsequent 


* George Fischer Limited, Schaffhausen, Switzerland 
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machining, by the lost-wax process, or alternatively 
by drop forging, are then welded suitably on to a ring 
or disc. This method permits defective buckets to be 
rejected and it is claimed that separate buckets are 
easier to finish machine and to polish. Further, the 
choice of the most suitable steel grade is facilitated. 


The Development of Pelton Runners 

Up to the ‘thirties Pelton runners in cast steel were 
constructed in practically all cases by bolting separ- 
ately cast buckets on to a hub. During that period 





Fig. 2. Pelton runner for Kemano, developing 150,000 
h.p. under a gross head of 2,585 ft. 13% chromium 
steel; weight 15 tons; diameter 14 ft. 


Pelton runners able to withstand extremely high 
stresses were already being designed, as for example 
those on the Chandoline-Dixence power station which 
had at that time the highest head in the world of 
5,700 ft. This Pelton runner for 21,000 h.p. had 32 
separate buckets dovetailed on to the central hub 
without use of bolts. 

In the years that followed Pelton-runner design 
changed more and more to the solid cast monobloc 
construction, i.e., to runners having buckets cast 
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Fig. 3. Gamma-ray inspection of Handeck II Pelton 
runner with 13 MeV Betatron. 2% nickel steel; weight 
16 tons; diameter I] ft. 6 in. 


integrally with the hub or disc. Factors influencing 
this tendency included : 


(a) higher allowable working stresses for the 
runners 

(b) ease of compliance with the overall design 
strength 


(c) more elegant and lighter design 

(d) greater freedom of design 

(e) use of high-tensile stainless steels which offer 

better resistance to cavitation. 

This development on the technical design side 
could only take place if foundries were at hand which, 
by virtue of their experience and equipment, were in 
a position to cope with the attendant increased level 
of technical skill required. 


Weight of Pelton Runners 
Table I. giving statistics from George Fischer 
Limited, Schaffhausen, Switzerland, who have manu- 


TABLE I.—DEVELOPMENT OF THE AVERAGE WEIGHTS OF 
PELTON RUNNERS BETWEEN 1940 AND 1957 


Period Average weight 
1940-46 2 tons 
1947-49 4 tons 
1950-55 5 tons 
1956 8 tons 
1957 9 tons 
WATER POWER June 1959 


factured approximately 1,000 integrally cast Pelton 
runners between 1940 and 1957, shows clearly how the 
average weights of integrally cast runners have de- 
veloped during the course of these 17 years. The 
weight of the heaviest runner cast to date stands at 
32 tons. Runners with weights ranging from 12-24 
tons are today no longer an exception, as they repre- 
sent one-quarter of the runners supplied during recent 
years. 


Steel Grades 

In the course of the years a new and interesting 
development took place in the steel grades used for 
Pelton runners. There was a growing tendency to 
replace unalloyed cast steel by low-alloy easily weld- 
able steel and high-alloy high-tensile steel possessing 
good resistance to cavitation. During the Second 
World War runners were cast mainly in unalloyed 
steels because of the scarcity of alloying material at 
that period. After the war the number of stainless 


TABLE II. PERCENTAGE OF INTEGRALLY CAST PELTON 
RUNNERS PRODUCED BY +GF+ IN VARIOUS STEEL GRADES 


| High-alloy Total 


Period | Unalloyed | Low-alloy 

1940-1945 62 34 4 | 100 

1946-1950 46 17 a 100 

1951-1955 16 30 54 | 100 

1956-1957 12 34 54 100 
1958 6 fi 69 100 





Fig. 4. Magnaflux inspection of Kemano Pelton crown 
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Pelton runners cast in 13% chromium steel increased 
rapidly, and today actually more than half of the 
rupners produced by George Fischer Limited are cast 
in this alloy. With regard to the low-alloy steel grades 
a change from the 1:5% manganese steel, predomin- 
ant during the last war, to the easily weldable 2% 
nickel steel took place. Over the last few years roughly 
one-third of the Pelton runners produced in Schaff- 
hausen have been cast in 2%, nickel steel. The trend 
in steel grades is shown in Table IL. 


Output and Head 

The rise in operational stresses of Pelton runners 
can be understood when it is realised that outputs of 
up to 150,000 h.p. per turbine are achieved for ver- 
tical four-jet design units as installed at the Kemano 
power station in Canada. On the other hand the twin 
turbines of the Cimego power station in Italy have 
a cumulative total output of 150,000 h.p. with their 
horizontal single-jet runners. Transport difficulties 


necessitated the runners for these latter turbines being 
designed and manufactured with a_ three-section 


Pelton crown. The Pelton runners believed to have 
the highest head in the world, 5.800 ft., are the Reis- 
seck turbines in Austria. 


Integrally Cast Pelton Runners Versus Fabricated 
Pelton Wheels 

The casting process gives the designer the greatest 
amount of freedom when “working up” in respect to 
shape, dimensions etc. A Pelton runner is a com- 
plicated casting since its wall thickness varies greatly 
from extremely thick sections on the disc and bucket 
roots to the buckets themselves, which are relatively 
thin-walled. These wide variations in section, how- 
ever, present no obstacle to advanced foundry tech- 
niques, and this ability to cast runners integrally 
permits a wide range in the choice of steel grade to 
meet the requirements for tensile strength, resistance 
to cavitation, weldability etc. Moreover the entire 
runner can be subjected to the full heat-treatment 
cycle in the course of the manufacturing operations. 
Any welding performed on this type of runner is 
generally to repair non-detrimental surface defects. 
which, after subsequent heat treatment, have no influ- 
ence whatsoever on its behaviour in service. 

A welded construction for a Pelton wheel is felt to 
offer various disadvantages and difficulties compared 
with an integrally cast runner. Some restrictions will 
have to be placed on the steel grades employed 
because of the differing weldability of different alloys. 
Welding of the buckets to the disc or rim and the 
inevitable stress-relieving heat treatment may give 
rise to difficulties such as cracks and deformation, 
especially when finish-machined buckets are used. 
One special problem is to obtain an absolutely sound 
weld at the bucket root especially in the case of 
heavy, highly stressed runners. Furthermore the cost 
of a Pelton runner of welded construction, finish- 
machined to the same accuracy as a comparable in- 
tegrally cast unit will rarely be lower than the cost 
of the latter alternative. 


Requirements for First-Class Integrally Cast 
Pelton Runners 

As already suggested the manufacture of a solid 
cast Pelton runner is no easy job, but the aforemen- 
tioned factors such as accurate bucket profile, resis- 
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Fig. 5. Ultrasonic testing of Wadagawa Pelton runner. 
88,000 h.p.; 13% chromium steel; weight 18 tons; 
diameter I1 ft. 6 in. 


tance to wear, close dimensional tolerances and 
rigid inspection are by no means reasons justifying 
substitution of an integrally cast design for one of 
welded construction; they merely represent a normal 
technical development with which steel foundries have 
had to keep pace since the target is within their reach. 

It can thus be said that the need to manufacture 
first-class integrally cast Pelton runners is the result 
of practical experience in this field over many years 
coupled with a close and regular contact with the 
water-turbine manufacturer and designer, as well as 
with the maintenance personnel in the power stations 
who handle the turbines and who are fully conversant 
with their behaviour in operation and must carry out 
any necessary repairs. All these aspects must be con- 
sidered thoroughly by the foundry. Apart from quali- 
fied foundry personnel, accurate patterns, modern 
foundry equipment, especially melting and _heat- 
treating furnaces, as well as the rough machining of 
the castings, all play an important role beside general 
experience in the manufacture of castings. 

The thorough inspection of the casting by non- 
destructive testing methods is likewise of prime con- 
sideration. The present-day requirements which 
highly stressed Pelton runners have to meet with 
regard to the quality of material and dimensional 
accuracy are very exacting. These castings must not 
show any major defects and must be free from cracks 
and porosity. These specifications can only be met by 
thorough examination and the continuous develop- 
ment and application within the foundry of appropri- 
ate non-destructive testing methods such as magnetic 
flaw detection, ultrasonic testing and X-ray and 
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Gamma-ray examination. One or more of these test- 
ing methods are used for these castings. Various 
photographs of such examinations are shown in (Figs. 
3-5). Repairs to defects found during these examina- 
tions are carried out with the utmost care. After 
complete removal of the defect and repeated exam- 
ination it is repaired by welding, considering both the 
position and extent of the defect as well as the weld- 
ability of the steel grade used. If necessary the cast- 
ing is preheated in a furnace, by gas torches, or by 
induction heating prior to being welded. After a 
welding repair of this type the casting is examined 
once more by non-desiructive testing and subjected 
to the appropriate heat treatment. 

The close tolerances of a runner and especially of 
the bucket profile, i.e. dimensional requirements, are 
met by rigid dimensional control by the various 


manufacturing operations in the foundry and by close 
co-operation between the inspection and moulding 
departments. Obviously the Pelton runner, prior to 
release for shipment, is inspected for dimensional 
accuracy according to the customer’s drawings and 
correctly marked off. 
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Raise Driving Platform 


One of the most expensive tasks in underground 
developments is that of driving raises, which may be 
needed for spoil disposal, as the first stage in opening 
out a surge shaft, or to connect upper and lower head- 
ings when excavating a machine hall. Raising also 
often tends to be more dangerous than other forms of 
development work and any new technique or equip- 
ment that is likely to reduce costs and minimise 
hazards for driving raises must be of great interest 
to engineers. 

The accompanying illustrations show a raise-driving 
elevator platform manufactured by Alimak Verken 





Fig. 1. The raise platform installed, for demonstration 
purposes, on a quarry face 


WATER POWER June 1959 





A.B., Skelleftéa, Sweden. Consisting basically of a 
platform that rides on a special track bolted to the 
hanging-wall of the excavation, the equipment may be 
used for driving vertical, inclined or curved raises. In 
a report on the equipment, the manufacturers state 
that “the new method permits the driving of raises 
of practically unlimited height more rapidly than was 
formerly possible, resulting in a substantial saving in 
labour cost. Moreover, the use of the platform eleva- 
tor does away with much of the usual expenditure for 
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Fig. 2. The platform at the top of the track ready for 
drilling 


235 





A RECORD START! 


FOR THE NEW 


Atlas Copco Bencher 
USING 


Sandvik Coromant 
Steels 


750 feet drilled by one man in a single shift, using two 
Atlas Copco Benchers fitted with Lion rock drills and 
Sandvik Coromant drill steels! The outstanding pos- 
sibilities of this new drilling combination are shown 
by performances like this put up recently at drilling 
sites in Sweden. 

The Atlas Copco Bencher comprises a rock drill 
mounted on a vertical pusher feed. It isideal for service 
in rough terrain where wagon drillscannotconveniently 
be used, or for small-scale benching projects where 
wagon drills are uneconomical. Benching is faster and 
cheaper than with hand held machines. Heavier, 
higher capacity rock drills can be used and one man 
can easily operate two Benchers at the same time. 


SANDVIK COROMANT STEELS 
Sandvik Coromant are today’s most widely used drill 
steels currently drilling more than 1300 million feet 
of rock a year. 

Their quality is high and uniform—guaranteeing a 
low cost per foot at all times. 


A complete range of compressed air equipment 
Atlas Copco manufacture portable and stationary 
compressors, rock-drilling equipment, loaders, pneu- 
matic tools and paint-spraying equipment. These are 
sold and serviced by companies or agents in ninety 
countries throughout the world. 














One man can easily operate two 
Benchers simultaneously. 


To secure the rig, bolt holes are 
drilled and anchor bolts and wedges 
placed in and driven tight. The 
bencher is placed on the heads of 
the anchor bolts and the feed is 
locked at the desired angle with 
chained wedges. 

The operator can easily drill 
additional bolt holes while the rock 


™*  drilis already set up are running. 


Sltlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or Atlas Copco (Great Britain) Limited, Maylands Avenue, Hemel Hempstead, Herts 


or write to Atlas Copco AB, Stockholm 1, Sweden 
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Fig. 3. Drilling in progress after the first guide rail 

section has been installed. Hoses from the stoper are 

connected to the header box installed on the top of 
the guide rail 


timbering and steel work. But the greatest gain is, 
nevertheless, the ability to increase the distance be- 
tween working levels in the mine.” In addition, the 
use of the system eliminates ladders and timbering 
thus aiding ventilation, reduces operator fatigue and 
travelling time in that men and equipment are trans- 
ported to the working face, and does away with pipe- 
fitting as the compressed air and water services are 
contained in the track structure. 

A demonstration of the Alimak drilling platform 
was recently arranged by A.C.E. Machinery Limited 
of Harlequin Avenue, Great West Road, Brentford, 
Middlesex, who are agents for this equipment for the 
United Kingdom, Australia and New Zealand. (Alli- 
mak Verken A.B. are responsible for distribution in 
all other overseas territories.) A quarry face was 
chosen so that the operation could be observed by a 
large number of spectators and facilities were kindly 
provided by The Breedon and Cloud Hil! Lime Works 
Limited at Breedon-on-the-Hill, Leicestershire. The 
Consolidated Pneumatic Tool Co. Ltd. collaborated 
in the arrangements and provided the ancillary pneu- 
matic tools necessary. such as rock drills and impact 
wrenches, as well as compressed air from a Power 
Vane oil-flooded rotary air compressor of 210 cu. ft. 
per min. (free air delivery) capacity. Two views of the 
Alimak platform on the limestone quarry face at the 
Breedon demonstration are given in the accompanying 
illustrations. 

The elevator consists essentially of a steel platform 
equipped with a detachable protective bell mounted 
on a standard, provided to afford the driller protec- 


WATER POWER June 1959 











Fig. 4. Blowing out blasting fumes from the round. 

The platform has been brought out of the raise and 

a hinged section of track allows it to be protected 
from the effects of the blast 


tion when barring down after blasting. For use in a 
6 ft. 8 in. square raise, the platform is 5 ft. 3 in. square. 
weighs 1,100 Ib. and can take a maximum load of 
1,100 Ib. For use in an inclined raise. the platform is 
hinged and may be set to suit the angle that the exca- 
vation is being driven. Access to the platform is pro- 
vided through a door which may be opened from 
above or below, and during ascent and descent the 
raise crew are protected from falling rock by sitting 
beneath the platform. 

The platform runs on a rack-equipped guide rail 
which is supplied in 1 m. and 2 m. lengths and is ex- 
tended up the raise as driving progresses. Special 
curved rail sections are available for use, should it 
be necessary to change the direction of the raise. Each 
rail section is made of four 14 in. diameter pipes 
welded side by side. In addition to forming the main 
structural member, these pipes are also used for carry- 
ing compressed air and water to the top of the raise 
for the drilling machines, for the passage of an electric 
blasting cable and for ventilation purposes. The weight 
of the guide rail is 27 lb. per ft. and O-rings are in- 
serted as each section is added to ensure a water or 
airtight joint for the services. 

Each length of track is secured to the hanging-wall 
of the raise by ? in. diameter expansion type rock 
bolts. The standard length for these is 800 mm. but 
special lengths may be needed when traversing poor 
ground. The track sections, after fitting together, are 
secured to the raise wall by two rock bolts, but every 
50 ft. a section employing eight bolts is installed to 
act as a support member. After the track has been laid, 
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Atlas Copco 
Autoloaders 


Operated by one man. The complete work cycle — mucking, 
transport and dumping can be carried out by one man. This reduces 
labour costs considerably. 

Independent of track. Owing to the fact that the autoloader is not 
rail bound it has an unlimited loading width. Mucking can be carried 
out just as easily in narrow drifts as in large underground excava- 
tions. In addition costs for track laying are eliminated. 

Low maintenance costs. Rubber tyres reduce stresses on the 
machine resulting in lower maintenance costs. The tyre costs per ton 
loaded vary with working conditions but generally these are ex- 
tremely low. 

Another advantage of pneumatic tyres is that the loader can run 
over the air hose without the least risk of hose breakages. 

High capacity. The capacity is dependent on the distance between 
the loading and dumping sites, but for instance, with a haulage dis- 
tance of 70 ft., capacities of up to 55 eu. yds. of material per hour 
have been obtained. 

Many ranges of application. Being independent of tracks the 
machine can operate over larger areas than track-bound loaders. 
It can be dismantled quickly and easily if shaft dimensions make 
transport difficult. 

This machine is available in two versions, T2G and T2GH. T2GH 
has a higher discharge height and is designed especially for dumping 
on conveyor belts. 


UNRIVALLED FOR EFFICIENCY 
AND VERSATILITY 














Atlas Copco autoloaders are used throughout the world in 
various ranges of application such as cut-and-fill-stoping in 
ore mines, seam drifts in coal mines and for loading opera- 
tions at the surface. 


A complete range of compressed air equipment 
Atlas Copco manufactures portable and stationary com- 
pressors, rock-drilling equipment, loaders, pneumatic tools 
and paint-spraying equipment. Sold and serviced by com- 
panies or agents in ninety countries throughout the world. 


MAtlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden, 
or Atlas Copco (Great Britain) Ltd., Maylands Avenue, Hemel Hempstead, Herts. 
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Fig. 5. After barring down, a further section of guide 

rail is installed and the platform run up to the top. 

In this drawing the two rock bolt holes are being 
drilled for securing the track 
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Fig. 6. Diagram illustrating the use of the Alimak 
platform in a compound 38-90-38 deg. raise 
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the platform is propelled up the guide rail by the 
engagement of three pinions in the rack that runs on 
one side of the four pipes, the driving motor being a 
6:2 h.p. Atlas Copco air motor requiring 100 cu. ft. 
per min. of air at 80-100 Ib. per sq. in. The speed of 
ascent is specified as 33 ft. per min. and when descend- 
ing, 50 ft. per min. Air for the driving motor is sup- 
plied through a trailing hose that is wound on a reel 
mounted at the foot of the raise. Incorporated in the 
wall of this air hose is a telephone cable providing 
communication between the crew at the face and the 
bottom of the raise. 

Should the air supply fail when the platform is at 
the top of the raise, it is automatically locked in posi- 
tion but the platform can be lowered in an emergency 
by operating a hand crank; in addition, the tool box 
on the platform contains special climbing irons, a 
grappling hook and life-line which the driller can use 
to climb down the track. The irons are fitted to his 
boots and engage on the rack of the guide rails. 

The platform is brought to the raise site on a special 
transit trolley. the overall height being 8 ft. Where 
access headroom is limited the platform may be trans- 
ported on its side and the complete equipment can 
be easily dismantled for handling in shaft cages. 


Kariba Generator Tested 


The first of the six 111,111 KVA 167 r.p.m. gener- 
ators for the Kariba hydro-electric power station in 
Rhodesia has recently completed full-scale tests at the 





The first of the Kariba generators on test in the 
Metropolitan-Vickers works 
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for Spanish project 


What isto be the largest hydro-electric power station in Western 
Europe is now being built by Iberduero S.A. at Salto de Aldead- 
avila. The great dam will finally tame the River Duero and 
enable Spain to increase her hydro-electric capacity by 25%. 
ANNUAL OUTPUT — 1,700 MILLION kWh 

The dam will forma reservoir for 150 million cu. yds. of water. 
The underground power station containing six units will have 
an installed power capacity of 762,000 kVA. Annual output of 
the project is estimated at 1,700 million kWh. This power 
station alone will give Spain a larger increase in installed 
capacity than the total national increase in hydro-electric 
energy during the period 1950-1954. 

925,000 CU. YDS. OF ROCK TO BE EXCAVATED 

All the rock drilling or the site is being done by 165 Atlas 
Copco rock drills using Sandvik Coromant drill steels. Tunnel- 
ling accounts for more than half of their excavation task 
which, in all, amounts to almost a million cu. yds. They are 
powered by a battery of 14 stationary compressors—types 
currently the leading choice for tunnelling projects throughout 
the world—the Atlas Copco AR3 and AR4. 

MORE THAN 1,300 MILLION FEET DRILLED EVERY YEAR 

Atlas Copco rock drills and Sandvik Coromant steels were 
developed to work together as a lightweight drilling unit. 


WESTERN EUROPE’S LARGEST 
HYDRO-ELECTRIC POWER STATION 


Atlas Copco pneumatic equipment 
and Sandvik Coromant drill steels 















Responsible for drilling more than 1,300 million feet annually, 
this drilling combination is now the most widely used in the 


world. 

A COMPLETE RANGE OF COMPRESSED AIR EQUIPMENT 

Atlas Copco manufactures portable and stationary compres- 
sors, rock-drilling equipment, loaders, pneumatic tools and 
paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden, 
er Atlas Copco (Great Britain) Ltd., Maylands Avenue, Hemel Hempstead, Herts. 
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Chute-des-Passes 


S 


In the article on the Aluminum Company of 
Canada’s Chute-des-Passes development which we 
published in our May issue we described the proposal 
to place the supply tunnel under water by blowing 
out an underwater rock plug in the bed of the Peri- 
bonka River. This plug was successfully blown on 
April 19. It involved a rock mass of 30,000 tons, 
which was disintegrated by a charge of 60,000 Ib. of 
explosive, leaving an aperture 100 ft. by 50 ft. The 
spoil fell into a sump 55 ft. in diameter and 120 ft. 
deep. A temporary concrete barrier behind the intake 
gates isolated the supply tunnel from the effects of the 
blast, and will be removed well in advance of August 
1, 1959, when the first of the five 200,000 h.p. tur- 
bines is due to come into operation. The blast is 
shown in the accompanying illustration, in which the 
existing Passe Dangereuse dam can be seen in the 
background. The blast had to be controlled to avoid 
damage to this dam. 


Snowy Mountains 330 kV 
Oil-Filled Cables Installed 


Pirelli-General Cable Works Ltd., have now com- 
pleted the installation of 330 kV oil-filled cable at 
the Tl. power station in the Tumut River valley for 
the Australian Snowy Mountains Hydro-Electric 
Authority. This is the first 330 kV oil-filled cable 
installation to be supplied by a British cable manu- 
facturer and consists of seven single-core oil-filled 
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works of Metropolitan-Vickers Electrical Co. Ltd., 
Manchester, a member company of Associated Elec- 
trical Industries Limited. These tests were carried out 





for the electrical and mechanical consultants, Messrs. 
Merz & McLellan. The photograph shows the gener- 
ator in the final stages of assembly for testing. 


Rock Plug Blown 





cables with a capacity of 340 amperes per phase, 
grouped in two three-phase circuits with one spare 
cable, complete with terminations and all ancillary 
equipment. 

The cables, which ranged in length between 507 
and 543 yards, were pulled from the switchyard end 
and laid at | ft. centres in sand-filled troughs in the 
floor of the tunnel. As the switchyard is on the 
opposite side of the Tumut River to the power station, 
a bridge has been erected on which the cables are laid, 
and arrangements have been made to control the 
expansion movements of the cable on the bridge, due 
to seasonal variations of ambient temperature. 

The assembly of the outdoor terminals in the 
switchyard and the connections to the oil-feeding 
pressure tanks presented no special difficulty, but the 
insertion of the oil-immersed terminals in the trans- 
former connecting chamber involved considerable 
problems in manipulation. The connecting chambers 
were filled with oil degasified on site to a condition 
similar to the oil contained in the cable. 

After installation, each cable was_ successfully 
tested at 760 kV. d.c. for 15 minutes using a 1,000 
kV transportable testing equipment designed and 
manufactured for Pirelli-General by Ferranti Ltd. 


Geared Motors, Clutches, etc. Crofts (Engineers) 
Limited. Bradford, Yorkshire, have forwarded a num- 
ber of pamphlets describing various types of geared 
motors, shaft couplings, magnetic clutches, and con- 
veyor pulleys. 
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54 800 Hip Francis Runner of the” Rio 
Lempa Power Station in _ El Salvador 

shown in our Turbine Erection Hall 
Bell builds WaterTurbines of all types | 
and sizes, Penstocks, lowers forTrans | 
mission Lines. Power House Cranes 


Bell Engineering Works Ltd | 
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Abstracts from the 
World Technical Press 


Power Tunnels in Rock 

The design criteria of power tunnels driven in rock 
are discussed. Determining the tunnel diameter and 
grade is first dealt with, and the rock loads likely to 
occur through roof yield are assessed. Separate para- 
graphs are devoted to elastic stresses in rock and to 
the rock stresses caused by internal pressure. In the 
sections that follow the author discusses the design 
of tunnel lining to cope adequately with internal pres- 
sure head, buckling resulting from external pressure, 
and provisions for drainage. Expenditure can be sub- 
stantially reduced by a layout consisting, where con- 
ditions permit, of a long stretch of unlined tunnel with 
a slight gradient in the upper reaches, followed by a 
steep steel-lined short section connecting at its down- 
stream end with the surge tank or the power house. 
Such a pattern would also reduce not only the hydro- 
static pressure inside the tunnel to an appreciable 
extent, but also the external pressure resulting from 
seepage through surrounding material. (H. D. Sharma, 
Indian Journal of Power and River Valley Develop- 
ment, Vol. VIII, October 1958, p. 5. 8 pp., 5 ff.) 


Water as a Source of Energy 


This paper is a reprint of the lecture given under 
this title at the French Pavilion at the Brussels Exhi- 
bition in September 1958. It begins with a historical 
survey of water power, from the waterwheel known 
1,000 years B.C. to modern hydro-electric generating 
units. The word “turbine” was first used by Burdin, 
a teacher at the St. Etienne Mining School, and a few 
years later, in 1833, the first machine of that name 
was being operated industrially by Fourneyron, a 
pupil of Burdin’s. Thirty-nine years later, Gramme’s 
dynamo made its appearance, thus opening the road 
to long-distance transmission of water power by elec- 
tricity. Special stress is laid in this paper on multi- 
purpose developments and their importance for the 
rehabilitation of undeveloped countries. Detailed des- 
criptions of the Rhone installations between the Swiss 
frontier and the Mediterranean are included. (Pierre 
Delattre, La Technique de Eau, Vol. 12, No. 142. 
October 15, 1958, p. 13, 4 pp., 3 ff.) 


Concreting at Large Construction Sites 


This article reproduces the paper read at the study 
sessions held in Locarno on March 20 to 22, 1958, on 
problems arising out of the use of concrete, and deals 
especially with the preparation of concrete intended 
for large-scale works, its transport to site, and its 
placing. The author lists at the outset the properties 
required in concrete, especially in connection with 
dam building, and then describes in broad outlines 
the process of preparation as well as the various 
methods applied to the conveying of concrete ready 
for use from the concrete tower to the construction 
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site. Placing, curing and compacting are then dis- 
cussed at length. In his conclusion, he emphasises the 
importance of having a faultless organisation for the 
various operations, and the employment of the most 
efficient machinery obtainable. The figures given for 
Grande Dixence and Mauvoisin for 1957 are really 
impressive: 1,015,000 and 788,000 cu. m. respec- 
tively, corresponding to daily average outputs of 
6,800 and 4,700 cu. m., and 9,150 and 8,037 cu. m. 
maximum. (Prof. G. Schnitter. Wasser- und Energie- 
wirtschaft—Cours d’Eau et Energie, Vol. 50, No. 10, 
October 1958, p. 277, 8 pp., 11 ff.) 


Electrification in Turkey 

This brief illustrated survey describes the two main 
projects now in course of construction in Turkey—the 
1,000 MW Keban scheme, downstream of the con- 
fluence of the Euphrates with its tributary, the Murat 
River, and the 600 MW Rezuk plant on the Tigris, up- 
stream of the Syrian border. In both instances con- 
crete gravity dams are provided, the power houses 
being backed by the toe of the dam. Reservoir capac- 
ity will be 10 million and 9,000 million cu. m. respec- 
tively. The plants are scheduled to be in operation at 
the end of 1958. Particulars are also given of the first 
stage of the Sakaria River development, Hirfanli on 
the Kizilimak River, Demirk6pru on the Gediz River, 
and Seyan on the river of the same name. With these 
four plants and all hydro-electric and thermal plants 
already in service, an agregate yearly production of 
3,000 million kWh is expected. (La Houille Blanche, 
Supplément graphique, Vol. XIII, No. 6, November 
1958, p. 661, 6 pp., 10 ff.) 


Sedimentation in Reservoirs 

The problem of sedimentation control in reservoirs 
is discussed at length. Its worst aspect is that it is prac- 
tically impossible to remove the solid materials 
brought down by flowing water. Silting by bed load is 
restricted in volume but occurs mainly where it is 
least wanted and is apt to silt up flood-protection areas 
and diminish the useful volume of the reservoir itself. 
Appropriate measures taken in the supply channels 
may reduce it by 10 to 30%. Suspended load is a 
much greater hazard as to volume though it is de- 
posited at less disturbing places. that is, in dead space 
and in the lower useful space of the reservoir. Pre- 
cautions taken in the drainage area may prove 
efficient. There are also in may instances possibilities 
of preventing the suspended load from entering the 
reservoir, and thus restricting substantially the extent 
of sedimentation, Unfortunately not much research 
has been undertaken in this respect. and we badly 
lack practical experience. If the evil of sedimentation 
cannot be avoided, at least it can be lessened. Above 
all, emergency silt-storage spaces must be provided 
and kept ready to accommodate the unwelcome load 
before it reaches the reservoir. When silting by bed 
load is expected, the right places for these storage 
spaces are in the flood-protection areas and in the 
upper part of the useful space of the reservoir. This 
is the reason why, as a rule, valley-closing dams leave 
but small dead spaces in the reservoir. On the other 
hand, when silting by suspended load threatens, the 
lower dead spaces must be enlarged, as has been done 
in India at Hirakud and Bakhra. In the instance of the 
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HOLMAN BROS. LIMITED, CAMBORNE, ENGLAND 
A company in the Holman Group which has branches, 
technical representatives and agents throughout the 
United Kingdom and the world. 

Telephone: Camborne 2275 (10 lines) 

Telegrams: Airdrill, Telex, Camborne 

London Office: 44 Brook Street, W.1 

Telephone: HY De Park 9444 
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Reliability pays 
at Hinkley Point 


The world’s largest atomic power sta- 
tion, with a capacity of half a million 
kilowatts, is taking shape at Hinkley 
Point, Somerset. The contract, for the 
Central Electricity Generating Board, 
is being carried out by the English 
Electric, Babcock & Wilcox and Taylor 
Woodrow Atomic Power Construction 
Co. Limited. 

Compressed air equipment plays a 
very important part in its construction; 
Taylor Woodrow chose Holman for 
the job. Batteries of compressors, rock 
breakers and chipping hammers with the 
well-known Holman reliability built into 
the design are taking shift after shift of 
rigorous work without faltering, beating 
construction schedules and _ slashing 
operating costs. 

In major projects all over the world 
Holman units are proving their reputa- 
tion over and over again. For sheer 
reliability and low running cost, you 
can’t beat Holman. 
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Egyptian high dam, no more than 30,000 million cu. 
m. of dead space has been provided out of a total 
capacity of 120,000 million cu. m. Assuming a degree 
of clarification of 100%, the aggregate average sus- 
pended load depositing and remaining in the reser- 
voir is 0-6 kg. per cu. m. In the second place, expected 
silting can be kept in check by making provision for 
raising the dam crest at a later date—a provision 
which should also prove useful in satisfying an in- 
creasing demand for water. The author concludes 
with the remark that sedimentation control is a long- 
term procedure and that the problems which con- 
front us today are unlikely to meet with a solution in 
our lifetime. (Prof. Dr. Ing. Fritz Hartung, Die 
W asserwirtschaft, Vol. 49, No. 1. January 1959, p. 3. 
10 pp., 21 ff.) 


Concrete Research 

The series of investigations described and discussed 
in this report were carried out under the auspices of 
Associazione Nazionale Imprese Produttrici e Distri- 
butrici di Energia Elettrica (ANIDEL) at the labora- 
tory for materials used in hydraulic structures at- 
tached to the Rome Faculty of Engineering, Institute 
of Hydraulic Structures and Plants. These investiga- 
tions were devoted to experimental research on the 
coefficients of thermal expansion of aggregates, con- 
cretes, mortar and cement paste. The report deals 
in its first part with the results obtained outside Italy 
in the same field of research, and reviews the work of 
well-known specialists such as W. H. Parsons and 
W. H. Johnson, T. F. Willis and M. E. de Reus, Leon- 
ard J. Mitchell, and others, whose publications are 
mentioned in the bibliography appended. Part II is de- 
voted to the Rome Laboratory’s tests, first describing 
the equipment used, including apparatus for measur- 
ing the variations of the samples in length, the sample 
thermometer divided in fifths of a degree. a thermo- 
conditioning cabinet (with psycrometer). a mercury 
hygrograph, etc. The method applied to the tests is 
then explained, and further paragraphs follow on the 
measurement of the electrodynamic moduli, the 
characteristics of the materials tested, and the results 
achieved with the various materials used. Conclusions 
are drawn for each group of materials separately. (Dr. 
Ing. Alessandro Palmieri, L’Energia Elettrica, Vol. 
XXXV, No. 12, December 1958, p. 1195, 21 pp., 4 ff., 
23 graphs, 4 tables.) 


Evolution of Turbines 

This article is not intended as a report on all the 
progress that has ever been made in the design of 
hydraulic turbines, but it shows what the trends have 
been, and emphasises certain methods and designs 
that have been used by some of the more important 
turbine manufacturers. Only the three principal types 
of machine are considered, namely Pelton, Francis 
and Kaplan, because ong of these can nearly always 
be designed to satisfy the operating conditions, what- 
ever the head and discharge may be. 

It is particularly interesting to note some cf the 
reasons for the increased popularity of the Francis, 
as compared to the Pelton, during the past decade. 
Although the main reason is one of economy, there 
are other important advantages, such as less cavita- 
tion because the velocity of water is lower; less loss 
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of efficiency caused by wear; higher operating speed 
and consequently a lighter, more compact unit; higher 
output capacity per machine; better efficiency between 
two-thirds and maximum load; full use of the total 
head available and more stable operation under vari- 
able heads. The Pelton also has some advantages over 
the Francis; the latter type is particularly subject to 
wear if the water contains a high percentage of sand 
in suspension and it should only be used under high 
heads if the water is clean; if cavitation is to be con- 
trolled, the Francis turbine must sometimes be in- 
stalled at a very low elevation, resulting in heavier 
expenditure and larger buildings and equipment; 
finally, the Francis is less efficient at low loads than 
the Pelton. 

Although the development of stainless-steel runners 
has greatly increased the range of heads for which 
the Francis turbine can be used, much of the progress 
in design is due to extensive tests on scale models. 
The use of special steels reduces to some extent the 
effects of erosion by sand and, providing the condi- 
tions allow. the advantages of the Francis far out- 
weigh the disadvantages in the majority of cases. 

During the past few years, there has been a tend- 
ency to use the Kaplan in preference to the Francis 
for heads between 30 and 70 m., mainly because, as 
already mentioned, the latter is more efficient under 
medium and high variable heads. 

It is not yet possible to state categorically that one 
type of turbine should be adopted in preference to 
another under given operating conditions, but experi- 
ence has shown what the future trends of design are 
likely to be and has also demonstrated that engineers 
responsible for the various aspects of a development 
must collaborate closely if the optimum efficiency is 
to be achieved. (Th. Bovet. Bulletin Technique de la 
Suisse Romande, No. 4. February 14, 1959. p. 37, 
14 pp.. 14 ff.) 


Dam Building in Eastern Germany 

A short survey is given of the multipurpose projects 
now being carried into effect in the area comprised 
between the Harz mountains, and the Elbe and Saale 
rivers, a region which, before the war, had been much 
neglected in respect of hydro-electric development. 
Following the improvement of water supply in the 
region of the Ore mountains, the first dam in the 
eastern Harz was erected across the Wipper river in 
1951-1952, and has since proved an efficient bulwark 
against floods while ensuring, at the same time, a sup- 
ply of water to the industries of the Hettstedt area. 
In 1952 construction work began on the development 
of the Bode valley. The “Bodewerk.” as the scheme is 
called, is an all-purpose system of dams and reser- 
voirs utilising to the full the water of the two Bode 
rivers which unite at the foot of the Harz mountains 
to form the Grosse Bode. At this spot. the two earth- 
fill dams in course of construction will create flood- 
control reservoirs with a storage capacity of up to 
5,000 million cu. m. These reservoirs will take up the 
initial high flood waves of the twin Bode rivers, and 
then release the water in practically equal quantities 
to transfer reservoirs farther downstream. One of 
these reservoirs, near Riibeland, 1-2 million cu. m. in 
capacity. is closed by a dam 110 m. long and 18 m. 
high, and will return part of the water to the lower 
stretch of the Grosse Bode, while the major part will 
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be conveyed through a 1:7 km. tunnel to the Rapp- 
bode dam, the largest in Germany. This concrete 
structure, 420 m. long and 105 m. high, closes the 
Rappbode valley between two high ridges, thus 
creating a lake 8 km. in length with a storage capac- 
ity of 110 million cu. m. Several minor dams and 
reservoirs to operate in co-ordination with the Rapp- 
bode dam are being built. Tunnels convey the water 
to central waterworks whence a long-distance distri- 
bution system 427 km. in aggregate length will supply 
60 million cu. m. of pure drinking water to the indus- 
trial centres of Magdeburg and Halle-Merseburg. not 
to mention a supply of industrial water. If required 
this increase can be doubled during 150 days of the 
year. The main advantage of the scheme is that it will 
ensure a thoroughly regular supply of water from the 
Bode rivers, even during the dry season. Extensive 
hydro-electric facilities will also be provided, among 
which a large power station at Thale which will be 
fed from a tunnel with a head of 164 m. (Gerhard A. 
Kegel. Indian Journal of Power and River Valley 
Development, Vol. VIII. No. 10, October 1958, pp. 28 
to 30, 2 ff.) 


Trinity Dam 

An account is given of the progress of work at the 
537 ft. high Trinity dam, which is the principal 
feature of the Bureau of Reclamation’s Trinity River 
Division of the Central Valley project in northern 
California. This dam, which is to be one of the highest 
earthfill structures in the world, is being built on the 
Trinity river about 8 miles north of the town of Lewis- 
ton. About 29 million cu. yards of earth and rock—a 
record for the Bureau of Reclamation—will be placed 
in the embankment. Other characteristics are: 2,450 
ft. crest length, 40 ft. crest width, 2,600 ft. maximum 
base width. The maximum capacity of Trinity reser- 
voir is 2,500,000 acre-ft. and the active storage capac- 
ity is 2,160,000 acre-ft. Trinity dam and other struc- 
tures will ultimately make possible an average yearly 
diversion of 865,000 acre-ft. of surplus waters from 
the Trinity river water-shed to the adjacent Sacra- 
mento river basin, thus augmenting the water supply 
of the Central Valley Basin and putting to beneficial 
use a huge amount of water which is now wasted. The 
1,700 ft. of head created by the diversion will ensure 
the production of 1,000 million kWh annually in four 
plants aggregating 400 MW. One of the power plants 
will be erected at the toe of Trinity dam. The plan 
of development and construction is described in de- 
tail, and separate paragraphs are devoted to the spill- 
ways, penstock and outlet facilities, and auxiliary out- 
let works. (Carl J. Hoffmann and William E. Collins. 
Indian Journal of Power and River Valley Develop- 
ment, Vol. VIII, No. 7, July 1958, p. 7, 7 pp.. 9 ff.) 


Power Development in India 

A symposium under the title of “Power Develop- 
ment in India” was held recently at Delhi under the 
auspices of the Indian Science Congress, and this 
special issue of the journal quoted has been devoted 
to the reproduction of all the papers presented. The 
Congress was inaugurated by H. M. Ibrahim, Union 
Minister for Irrigation and Power, and was presided 
over by Dr. M. Datta, Chief Engineer of the West 
Bengal Electricity Board, who gave an excellent sur- 
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vey entitled “Power Supply in our National Planning.” 
Sixteen other papers were presented, all by leading 
authorities in the Indian power-supply organisation. 
Some of these papers study the Indian power scene 
as a whole; others review the power position in the 
various States; and others deal with special designs 
developments such as transmission towers, axial-flow 
turbines, and high-pressure steam stations. The papers 
comprising the symposium give a comprehensive and 
up-to-date survey of the present position in India and 
of future plans and prospects. (/ndian Journal of 
Power and River Valley Development, Vol. 8. No. 12, 
118 pp.) 


Dam Building in Italy 

On the occasion of the Sixth Internation! Congress 
on Large Dams, the undermentioned Journal of the 
Italian Ministry of Public Works published a detailed 
survey of all the Italian dams either in operation or 
in course of construction. The structures listed num- 
bered 361, of which 79 are in process of construction; 
they include only dams over 10 m. in height or creat- 
ing a storage capacity above 100,000 cu. m. From 
Table II] on page 437, which covers all dams built 
since 1830, the 1921-1930 decade emerges as the 
record period with 107 structures; this same decade 
also marked the peak of the use of masonry in the 
construction of gravity dams. The dams are divided 
into four main groups—gravity dams, arched dams, 
earth and rockfills, and river barrages. Table III, page 
444, gives the main characteristics of some of the 
major arched structures. This survey also includes a 
review of the evolution which has taken place in the 
construction of the various types of structures. Two 
appendices give a detailed list of all dams built in 
the various provinces of Italy up to June 30, 1958, and 
all structures in progress at the same date. (Editorial, 
Giornale del Genio Civile, Vol. 96, No. 7/8. July- 
August 1958, p. 433, 31 pp., 14 ff., 3 Tables.) 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


APPROXIMATELY 210 cu. ft. (suitable for 20,000 
G.P.H. output Soft Water) Zeo-Karb 215 Cation Resin of the 
sulphonated phenolic type. In good condition with estimated 
future life of 7-8 years. Offers please to: Box 800, WATER 
Power, 33 Tothill Street, Westminster, London, S.W.1. 


SHOTBLASTING in situ by the “on-site” experts. Organic 
and Inorganic Coatings applied. Anything, anywhere at com- 
petitive rates. Darnall Shotblasting Co. Ltd., Doctor Lane, 
Sheffield, 9. Telephone 42896. 


EDITORIAL ASSISTANT 
Young Engineer, preferably civil, with an aptitude for 
technical writing, required shortly as editorial assistant to 
this journal. Some knowledge of languages an advantage 
Ultimate prospect of editorship for the right candidate. 
Applications should be addressed to The Editor, WATER 
Power, 33 Tothill Street, Westminster, London, S.W.1. 
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ONE OF SIX 18 FT. DIAMETER BUTTERFLY VALVES 


FOR THE WARSAK HYDRO-ELECTRIC PROJECT 
GOVERNMENT OF WEST PAKISTAN 


DESIGNED AND MANUFACTURED BY 


OMINION ENGINEERING 


COMPANY LIMITED, MONTREAL 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utntost reliability, and the mini- 
mum of routine maintenance, 
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Telephone . Low Fel! 76083 5 lines Telegran Huweod Stock, London. Telephone 


| ROYAL LONDON HOUSE, FINSBURY SQUARE, LONDON, E.C.2 


Huwood, Gateshead Monarch 3273 (4 lines 
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the world e-x-p-a-n-d-s 
on ropes of steel 
engineered by BRECO 


i ee ood # oO the Big name behind the Big ropeways 


ROPEWAYS CABLEWAYS (c) 
British Ropeway Engineering Co. Ltd., Plantation House, 


Mincing Lane, London, E.C.3 Telephone: MINcingLane 7901 "%"" 
Glover Group 


Telegraphic Address: Boxhauling, Fen, London. 
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Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 
WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETc. 


backed by over 20 years’ experience in this specialised field 
can be supplied for local or remote operation. 
























The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 
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STRAND STRIPS 

















the best raw material for 


SECTIONS 
the best electrical equipment 





Anacos products of copper and copper 
alloy in bare form for all electrical appli- 

cations. Wire in all sizes and diameters, 
BARS rods and bars for machining purposes. 
strips for blanking and cold drawing and 
strand for cables and overhead lines. 





























FREDERICK SMITH & COMPANY - ANACONDA WORKS - SALFORD 3 - LANCS 
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YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 
THORNHILL, DEWSBURY, YORKS., ENGLAND 
Tel: Dewsbury 1691-2 Grams: Transforma, Dewsbury f, 
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EXTENSIVE HIRE FLEET 
DEPOTS AT LONDON 
LONDON OFFICE: FINSBURY PAVEMENT HOUSE, 









ANDERSON 


the finest 


DERRICK GRANES 


One Derrick Crane may look the same as another— 
from a distance, At close quarters the differences are 
astounding, The cabin interior, alone, clearly estab- 
lishes ANDERSON design and construction to be 
supreme. The clean, compact gearing, built on 
unique Unit principles, guarantees mechanical effi- 
ciency and reliability—and ensures lowest erection 
and operating costs. The driver’s panoramic visibility, 
centralised easy control and comfort have to be seen to 
be believed. High performance and safety are spon- 
taneous—a banksman often superfluous. 





These and other exclusive features explain why in- 
dependent examiners are so impressed, and more and 


more users specify ANDERSON only. 


OF MODERN CRANES 

and BIRMINGHAM 

120 MOORGATE, E.C.2. Tet.: MONarch 4629 
GRAMS 


TEL. : - as one ae as Zor a mit n= a. : 
CARNOUSTIE THE IKNDERSON-SRICE Co: LTD. ‘* DIAMOND ” 





9914/5 | TAYMOUTH ENGINEERING WORKS - CARNOUSTIE - SCOTLAND || CARNOUSTIE 


















KAPLAN, IMPULSE & 


FRANCIS TU 
up to about 3,000 h.p. 


and 


other machinery such as governors, 
gear mechanisms, screens, trashrakes, 
conduits and shut-off valves, etc., 


are manufactured, in the 


traditionally high 


quality of the Black Forest, by: 


MASCHINENFABRIK EDUARD RUCH 


OBERKIRCH 2 BADEN 





GERMANY 











TENDERS 


EMPRESAS PUBLICAS DE MEDELLIN 
(COLOMBIA, S.A.) 


ANNOUNCES: 


That it 1s inviting tenders for the construction 
of the Troneras Dam on the River Guadalupe. 


The specifications are as follows: Embank- 
ment of 750,000 cubic metres of rammed earth. 
movement of earth to the order of a million 
cubic metres, length of top 400 metres, maxi- 
mum height 35 metres. a diversionary tunnel 
460 metres long and 4 metres diameter. 


Construction firms, who may be interested. 
are asked to obtain application forms from: 
apartado aereo 940, Medellin, Colombia S.A. 
Tenders will be accepted only from those firms 
who comply with the regulations and submit 
their names before June 22, 1959. 























WATER POWER June 1959 





















r— 
are 
ab- 
be 
on 
offi- 
ion 
ity, 
ito 
on- 


in- 
ind 


|! 











 PLECTRICGAL 
CONTROL 


PENSTOCKS 
VALVES 







SIZES 
UP TO 


100 sq ft 


Circular 
or 
Rectangular 


with 
HARTLEYS 


“VALECTRIC”’ 


HEADSTOCKS 








USED BY LEADING 
AUTHORITIES 


including 


C.E.A. « b.C.C. 


LOCAL 
or 
REMOTE 
CONTROL 


TRADE e MARK 


INS 
HARPLE YS‘\E7D. 


Phone: Stoke-on-Trent 48627 











TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 


The complete manufacture, including galvanizing, 
is undertaken in these works. 


Tees Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 


WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 2021-4 
LONDON OFFICE: 56 VICTORIAST.,S.W.1. TELEPHONE: ABBEY 1613 
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Complete hydro-electric plants 











Assembly at works of an 11.150 kW Francis 
turbine for Pilmaiquen Power Station of Messrs 
Endesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 
Lanzada Power station of Soc Vizzola - Milan 


Wheel of a 35.750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 
Donaukrattwerke. Wien 
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TO DOUBLE .THE POWER OF ROXBURGH 


Four AEI waterwheel alternators at the New Zealand Electricity Department's 
Roxburgh Power Station are already feeding 160,000 kW into the South Island 


grid. Four additional sets, to bring the station up to its designed capacity of | 
320,000 kW, are now in course of construction. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION 


RUGBY AND MANCHESTER. ENGLAND 





A $379 








